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FOREWORD 

The reports in this collection are a cross section of the international 
research effort on the atmospheric effects of the Kuwait oil fires. All of the 
research has been undertaken since February 1991, when over 600 oil wells in 
Kuwait were ignited by Iraqi forces. Although some of the selections are final 
reports by government agencies, others are still in draft form. Many of the 
selections are sets of unpublished statistical tables that summarize the results 
of laboratory analysis of smoke plume and ambient air samples. Articles 
already published in the scientific literature are not included. 

The Gulf Program Office of the National Oceanic and Atmospheric 
Administration (NOAA) has helped coordinate the US research effort on 
atmospheric aspects of the oil fires in Kuwait. This collection is an extension 
of that effort, and is in keeping with NOAA's commitment to ensuring that 
all data are shared with all concerned parties. The Office thanks all those who 
have forwarded copies of their reports and unpublished data for inclusion in 
this collection. 
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EXECUTIVE S!J!4<..ARY 

The world is facing a unique, man-caused environmental pollution on an 
order never before experienced. The 500 or more burning oil wells in the 
Kuwaiti oilfields and the oil released on land and in the Gulf represent 
unprecedented threat to the environment and possible severe short- as well as 
long-term damage to the health and ambient conditions of humans and animals. 
The oil release began in January 1991 and the oilfield fires began in late 
February. It is estimated that extinguishing the oilfield fires will take 
about two years and that the effects of the oil spills will last a similarly 
long time. 

This report represents the views of a group of experts, originating 
from 14 countries, brought together by the World Meteorological Organization, 
on how to access the effects and coordinate an international response for the 
atmospheric part of the joint U.N. response to the Kuwait oilfield fires, as a 
component of the joint U.N. Inter-Agency Action Plan (March 1991). A list of 
participating organizations and contact persons is summarized in Appendix I. 
The WMO Meeting of Experts report addresses: 

Cal the need for augmenting surface, upper-air including aircraft, 
and satellite monitoring of meteorological and air quality 
var-iables (especially of trace gases and particles); 

Cbl the data and information flow, both operational and special, from 
real-time, delayed, and research sources; 

Ccl relevant meteorological and air pollution numerical models for 
local, regional, and gl?bal predictions. 

The atmospheric part of'the response to the Kuwait oilfield fires is 
based largely ort existing structures of the WMO including the World·Weather 
Watch and the Global Atmosphere Watch. The World Weather Watch, which 
includes meteorological surface, upper-air and satellite data and a global 
network for exchange of data and information, will need augmentation 
especially near the source and where observing stations are not functioning. 
The Global Atmosphere Watch, which is a system for measuring the chemical 
compo~ition and physical characteristics of the atmosphere, must be enhanced 
in the region of the fires and fully activated and augmented in downwind 
areas. The improvements to the WWW and the GAW can be assisted by dedicated 
contributions by interested Members. 

Health problems could result from gases such as sulfur dioxide, 
sulfuric acid, hydrogen sulfides, carbon monoxide, nitrogen oxides; from 
suspended particles containing partially burned hydrocarbons and metals; and 

.from carcinogens such as benzo-a-pyrepe. The extent and severity of potential 
health impacts are the concerns of .the World Health Organization which has its 
own special needs for air quality data specifically related to population 
areas. The WHO air quality measurements will be coordinated with the WMO 
monitoring activity. 
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As for the effects of the fires thus far, the local atmospheric 
radiation balance has been disturbed, but no global effect has been detected. 
Although, at present, the effect of the fires on the southwest monsoon is 
unknown, the actual difference is expected to be difficult to distinguish from 
natural fluctuations. Global precipitation patterns are not expected to be 
impacted by the fires, but regionally, incidences of precipitation containing 
pollutants, including oil and soot scavenged from the fire plume, and highly 
acidic rain have occurred. Near the source, the lower level winds vary 
throughout the year (most recently coming from the north), but the upper winds 
which effect global distribution of the plume are generally from the west 
throughout the year. Increased concentrations of soot particles are being 
detected in Global Atmosphere Watch monitoring sites as far away as Mauna Loa 
observatory. 

Several numerical models have produced predictions of the location and 
concentration of various pollutants from the fires on local, regional and 
global scales. Nevertheless, without proper data on source characteristics 
and the meteorological environment, and without data to evaluate the model 
predictions, it is not possible to select any specific model or set of models 
suitable to provide routine predictions or accurate long-term assessments. 
Modellers made known their data needs for monitoring and were encouraged to 
continue their modelling activities until such time as comparisons are 
possible to determine which models are more appropriate for operational 
purposes. Modellers were asked to continue their work including development 
and improvement of models specifically to address the fires problem. WMO was 
asked to assist with arranging for timely transmission of model results to the 
region as soon as proper communications can be established. 

The U.K. presented the preliminary results from their recent aircraft 
flights in the region. The U.S.S.R. also presented aircraft data collected 
2-3000 km downwind. Germany, the U.S.A., and the U.S.S.R. presented plans for 
aircraft monitoring flights in the region. Other countries (e.g. Canada) have 
aircraft programmes under consideration. -The meeting identified the most 
important aircraft data requirements and urged WMO to co-ordinate among the 
measurement flights in order to establish a sequence of monitoring flights 
covering the next several months, with some overlap for intercomparison 
purposes. The WMO also was asked to assist with logistical support for the 
aircraft programmes including developing focal points and in-country contacts, 
and also to assist with data and information flow. 

A number of governments and groups of scientists are ready to assist 
in carrying out additional measurements programmes and to help develop 
forecasting capabilities. However, no individual group or country is in a 
position to plan, organize and coordinate such actions. The meeting strongly 
recommended that, as part of the international efforts, the WMO establish a 
coordination office for atmospheric monitoring and modelling· in Geneva as soon 
as possible and consider the need to have WMO experts join the U.N. 
Interagency Coordination Office in Kuwait City which opened on 26 April 1991. 
There, an operational data and a modelling center to support the atmospheric 
and environment efforts contributing also to health-related studies, could be 
included. Since WMO activities will require funding, which is not provided in 
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the regular budget, countries were encouraged to contribute directly to a WMO 
Trust Fund for these purposes. Depending on the availability of funding, the 
WMO was asked to establish an operational data and modelling centre to support 
the atmospheric and environment efforts which would contribute also to 
health-related studies. 

The most immediate needs for atmospheric monitoring include the 
re-establishment of Kuwait's surface and upper-air meteorological stations; 
the placement of mobile air monitoring stations, especially air chemistry 
measurements, at locations near the source and in population centres; 
enhancement of downwind meteorological and air chemistry observations 
including special obse~1ations important for modelling, such as carbon soot, 
atmospheric transparency, and components of the radiation balance. Of special 
importance is the continuation of monitoring activities along with the 
expected changes in the meteorological regimes and of the characteristics of 
the source. 

WMU was asked to convene several task groups and expert meetings over 
the next few months (il to consider further implementation of monitoring 
(immediate area, regional, global), (ii) to examine modelling efforts, thus 
far, and related data needs, (iii) to compare aircraft data and coordinate 
further programmes, if needed, .and (iv) to evaluate overall results and . 
recommend further actions. 

The meeting noted both the Gulf Regional Air Monitoring Programme that 
was presented by experts from Saudi Arabia and the Work Plan for the 
Rehabilitation of an Environmental Monitoring Programme for Kuwait that was 
made available to the meeting by the Secretary-General of WMO by the courtesy 
of the Environmental Protection Council of Kuwait. These two plans, which 
have many common elements, will serve as basis for WMO coordination activities 
in the immediate area of the fires while.the programme in the downwind region· 
is being developed. 
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1. OPENING OF MEETING, ELECTION OF CHAIRMEN AND APPROVAL OF THE AGENDA 
.~ 

1.1 The meeting was opened on Saturday, 27 April 1991 at 09:30a.m. by the 1._) 

Secretary-General of the World Meteorological Organization, 
Professor G.O.P. Obasi, who welcomed the participants and thanked them for 
responding upon such short notice (for list of participants see Appendix II). 
He expressed WMO's appreciation to the Governments who made possible the 
attendance of their experts, noting the concern felt by governments and 
scientists over the serious environmental problems confronting the Gulf region. 

1.2 Professor Obasi stated that, within the U.N. system, the WMO is 
charged with the responsibilities for providing the authoritative scientific 
information and advice on the condition and behaviour of the global· atmosphere 
and the climate, and the factors affecting them. Accordingly, WMO has 
convened this meeting with the aim of developing a project to monitor and 
assess the atmospheric pollution resulting from the Gulf fires. This action 
is carried out in the context of the joint U.N. Inter-Agency Action Plan for 
response to the consequences of the fires. 

1. 3 Professor Obasi emphasized that the main task of this meeting is to 
consider and make proposals for, the rehabilitation and enhancement of the 
monitoring systems in the region, for modelling and assessing, both on the 
short- and long-term. basis, the severity of the pollution within and downwind 
from the region. He asked the meeting to recommend establishing predictive 
capabilities on a semi-operational basis for estimating the adverse effects of 
the fires in the Gulf region and other parts of the globe. In conclusion, 
Professor Obasi said that WMO stands ready to provide the forum to coordinate 
this effort. 

1.4 The meeting unanimously elected Dr. F.B. Smith (U.K.) and .) 
Mr.' B.B. Hicks (U.S.A. )as co-chairmen. The provisional agenda (ApP,endix III) 
was adopted with the understanding that it could be amended as necessary 
during the meeting .• 

2. INTRODUCTION TO THE PROBLEM 

2.1 International Involvement 

2.1.1 Dr. R. Bojkov, Chief of the Environment Division in the WMO Research 
and Development Programme Department informed the meeting that apart from its 
operational system - the World Weather Watch (WWW) - which provides for 
real-time, world-wide monitoring of standardized meteorological parameters and 
data communication, the WMO has also the Global Atmosphere Watch <GAW) system 
which is a potential source of continuous information on the chemical 
composition and physical characteristics of the atmosphere necessary for 
detecting changes in the atmosphere. · He then explained that the UN 
Inter-Agency Action Plan on the Kuwait oil fires has identified four main 
areas of concern and that WMO was the lead agency to develop the atmospheric 
component. WMO is willing to assist coordination for its implementation which 
will include: 
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air and precipitation sampling in the immediate vicinity of the 
fires and in downwind regions up to 3-5000 km; 
rehabilitation and enhancement of the meteorological networks of 
the WWW and GAW, including provision of equipment and training; 
establishment of near real time data collection necessary for 
modeliing of air pollution dispersion and deposition; 
scientific assessments of the atmospheric effect of pollution 
updated periodically to serve as advice to decision makers. 

2.1.2 Dr. Bojkov further informed the meeting that although there are a 
number of GAW stations in the Red Sea region and further downwind in Pakistan, 
India, the southern U.S.S.R. and western China reporting ozone data. only 
incidentally precipitation chemistry or atmospheric turbidity is reported. 
Therefore, there is an urgent need to reactivate, augment and extend GAW 
stations in the affected region in order to monitor anomalous tropospheric 
chemistry and physical characteristics. The cooperation with potentially 
affected countries and timely contributions by interested Members would be 
essential. 

2.1.3 Finally, Dr. Bojkov asked the experts ·to identify ways to provide 
answers to the following questions: 

What is the composition and amount of gaseous and particles 
by-products being produced from the burning oil wells1 
What is the magnitude of the exposure to toxic substances in the 
Gulf region in relation to human health risks1 
What are the expected effects in areas more remote from the 
source as regards additional air pollution and deposition1 
Are there any global effects to be expected and what' would be the 
magnitude and duration1 

2.1.4 Mr. S. Mildner, Director of Basic Systems in the WMO World Weather 
Watch Department provided an overview of the existing WWW operational 
structures in the Middle East. The WWW has about 180 surface observing 
stations and about 40 upper air stations in the countries concerned (See 
Figure 1). Recent monitoring at WMO shows that the data regularly available 
from these stations for international exchange varies between 0% and 90%. 
Meteorological satellites, both geostationary (METEOSAT 4 and 51 and 
polar-orbiting (NOAA 10 and 11), are providing regular coverage .• He noted 
that Jeddah <Saudi Arabia) has the role of the Regional Telecommunications Hub 
(RTHl and maintains high capacity links to various major meteorological 
centres: It also functions as a Regional Specialized Meteorological Centre 
<RSMCl providing analysis and forecast products on a regular basis. The 
Jeddah RSMC might also be used for establishing a specialized environmental 
data base and the exchange of relevant products for the Kuwaiti oilfield fires 
emergency. He also noted that the wWw offers the infrastructure needed for 
the successful implementation of data flow for the emergency response to this 
environmental disaster. 
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2.1.5 Mr. G. Ozolins from the World Health Organization discussed the 
activities and plans of WHO with ~espect to air quality monitoring needed for 
responding to the health needs of Kuwait. A WHO air quality specialist. 
Dr. D. Mage. was recently in Kuwait, assisting the Kuwaiti Ministry of Public 
Health and the Environment Protection Council in preparing a Workplan for the 
Rehabilitation of an Environmental Monitoring Programme for Kuwait. The 
Secretary General of the Environment Protection Council (Kuwait) sent the 
Workplan by telefax to the Secretary-General of WMO and this was made 
available to the meeting (see Appendix IV). 

2.1.·6 The representative from the Commission of the European Communities 
CCECl. Dr. A. Ghazi. informed the meeting that CEC has already allocated 
several million ECUs as funds dealing with different aspects of pollution in 
the Gulf. He pledged close cooperation between the CEC programme and the WMO 
and WHO efforts. 

2.1.7 Dr. C.C. Wallen. representing the United Nations Environment 
Programme. announced that UNEP had been instrumental in establishing the U.N. 
Interagency Office in Kuwait City which was opened on 26 April 1991. 

2.1.8 The Saudi Arabia Monitoring Action Plan covering the Gulf regional air 
monitoring programme (Appendix Vl was presented by experts from Saudi Arabia. 
The programme was developed in consultation with other countries and 
represents the basis for work currently underway in part of the affected 
region. 

2.1.9 Dr. R. Sartorius, the representative of the German Federal 
Environmental Agency informed the meeting that an action was prepared to send 
a mobile container for monitoring air pollutants to Kuwait City. The Federal 
Government is ready to integrate this project into the internationally 
coordinated action by WMO as a contribution of Germany. Any suggestions and 
proposals are welcome and will be thoroughly considered. The German Government 
has been informed that there is an urgent demand by the Kuwaiti authorities to 
have these measurement devices available as soon as possible. Providing that 
this meeting supports this initiative and that the WMO as the international 
organization involved agrees. Germany would expedite shipment in the beginning 
of May. Another project having a more bilateral character. consists of an 
airplane measuring programme to investigate the extension, behaviour and 
chemical composition of the (visible and invisible) plume of the burning oil 
wells. Coordination with other airplane measurements would be very useful in 
order to achieve mutual supplementation and comparability of results. 
Furthermore. groundbased mobile measurements are planned in Iran. 

2.1.10 The Kuwaiti representative, Mr. M. Behbehani, said that the situation 
in Kuwait at the present time is desperate and remectial action is urgent. He 
noted that the international aspects' to the problem and the need for 
.international cooperation to address it. Mr. Behbehani pledged the 
cooperation of the Government of Kuwait to a coordinated monitoring and 
modelling effort which would benefit both local and regional population • 

RDP 654 



30° 

29° 

47° 

' \ ' 
:. / 

I R A Q 

S A U D I 

ARABIA 

25km 

48° 

Oilflelds of,......:Kl::..:::u..:....:w_a_i_t _________ _ 
_. Oilfield 

~ Oilfield with HzS gas production 

Fig. 2. 

<J 



) 

- 9 -

2.2 Local Effects: The Human Health Concern 

2.2.1 The focus of this meeting was on the meteorological factors that 
influence the fires and the plume from them, not on the health effects or 
their causes. Nevertheless. considerable time was spent on discussion of 
matters related to exposure and human health. largely to help the audience of 
meteorologists gain an improved understanding of the severe problems presently 
confronting the Kuwaiti population. Other meetings and other organizations 
are addressing the health impact issue more directly. 

2.2.2 The meeting was informed that about 500 oil wells are currently 
burning in Kuwait. consuming approximately three to five million barrels of 
crude oil and 70 million cubic meters of associated gases daily. The fires 
originate in seven oilfields. located both north and south of Kuwait City (see 
Figure 2). Based on measurements to date and the known composition of Kuwaiti 
crude oil, emissions from the burning wells will include airborne particles. 
carbon dioxide. sulfur dioxide formed from the combustion of hydrogen sulfide, 
and oxides of nitrogen, as well as considerable quantities of water vapour. 
Incomplete combustion products include hydrogen sulfide, carbon monoxide, 
polycyclic aromatic hydrocarbons (PAHsl and other volatile organic 
hydrocarbons, and heavy metals. Other secondary pollutants will include ozone 
and acidic aerosols, such as sulfuric acid. 

2.2.3 The urgent question faced by the countries in the Gulf region. and· in 
particular by Kuwait. is the extent and severity of potential health impacts 
on their populations. Informed answers must be obtained so that the affected 
countries can act to protect their populations and plan for future health 
needs. A concerted. coordinated effort on the part of experts in (il air 
monitoring (iil local, regional, and global scale modelling (iii) atmospheric 
chemistry and (ivl health and risk assessment will be necessary. 

2.2.4 Emissions from the oilfield fires have the potential of causing both 
acute and chronic health effects. although there is considerable uncertainty 
as to the magnitude of the risk. Prolonged exposure to lower concentration. 
levels of soot and chemical components of the plume may decrease lung 
function, and increase the incidence of chronic bronchitis and lung .cancer. 
Special health concern is focused on individuals working close to the fires, 
pregnant women, children, the elderly, and those with pre-existing respiratory 
and cardiac diseases. 

2.2.5 A U.S.A. Inter-Agency scientific team obtained some limited real-time 
data in Kuwait and in Saudi Arabia on the smoke emissions. The sampling did 
not reveal the existence of high concentrations at ground level of sulfur 
dioxide or hydrogen sulfide close to the burning wells. Also, no large-scale 
acute human health impacts have yet been observed although reports of 
respiratory difficulties among local-population are increasingly frequent. It 
was stressed that the report of the findings, however, were only preliminary 
and that considerable follow-up will be necessary to evaluate definitely the 
nature and magnitude of the human health. ecological, and atmospheric effects 
of the smoke problem. 
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2.2.6 The pollutants of primary concern to people are likely to be particles 
and sulfur dioxide. According to the U.S.A. preliminary measurements, ,~ 
hydrogen sulfide concentrations have been found to be very low, thus far, as 
were PAHs attached to particles, and volatile organic compounds. Not 
surprisingly, a wide variability of the measurements was noted according to 
distance from the source and wind direction. The extremes of the Total 
Suspended Particulates (TSP) measurements range from a low of liT ~g/m' at 
the U.S.A. Embassy in Kuwait City on a day when the wind was out of the north, 
to a high of 5400 ~g/m3 within a plume in the Al Maqwa oilfield. It 
should be emphasized that the space and time sampling of the measurements is 
insufficient and their results should be viewed and interpreted with great 
caution. 

2.2.7 Physicians in Kuwait feel that they are observing exacerbation of 
asthma and non-reversible chronic obstructiv~ lung disease. Furthermore, they 
perceive an increase in complaints of upper airway irritation and eye 
irritation sometimes associated with conjunctivitis (inflammation of the 
eye). All of these phemonena appear to be treatable by standard medical 
practice. 

2.3 Regional-scale Effects 

2.3.1 The local meteorological conditions over the past two months have 
tended to transport the smoke plume in the atmospheric boundary. .layet; toward 
the southeast, with periodic excursions toward the northeast. At altitudes 
above 600 m, the pollutants were transported mainly eastward. In the region, 
March through July ar·e relatively windy months; there are on average 30 days 
of very strong winds from the northwest in this period. Frequent sandstorms 
athre fe':'pecteddtot rapidlyd vthentila

1
t
1

etthte smof kethin tdownhe i~dediatAse surrounddings of .) 
e 1res an o sprea e po u an s ur er w1n • summer a vances, 

solar-induced convective mixing will increase the maximum height of. the plume 
into the upper half of the troposphere, perhaps to above 7 km which is not yet 
experienced. It is in these situations that the stage will be set for 
extensive long-distance transport of the plume in the middle and possibly 
upper troposphere, with associated long-range effects. In August· to October, 
the incidence of strong winds should drop sharply, and local conditions may 
worsen. 

2.3.2 Upper-level winds tend to be more consistently from the southwest and 
west causing a marked vertical wind shear which has had, as seen from 
satellite photos, and will continue to have a profound effect on plume 
behaviour. 

2.4 Global Effects 

2.4.1 The experts felt that, although "self-lofting" may occur (due to the 
heating of the particles in the plume by solar radiation), the top of the 
plume should not often rise above 5 km. Large convective cells in the summer 
could easily transport material into the upper half of the troposphere. 
However, this would rarely happen. It was felt that there is little fear of a 
stratospheric injection of plume pollutants, as would be required for severe 
global environmental effects. 
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2.4.2 In the troposphere. the pollutants should have a residence time from 
ten to perhaps as many as 20 days (depending on the prevailing meteorology). 
This is enough time for the pollutants to be distributed widely over the 
Northern Hemisphere. Thus, the pollutants are expected to be detected at 
great distances, although their effects on the temperature or precipitation 
distribution will likely be small and difficult to distinguish from natural 
variability. 

2.4.3 While the above arguments rule out major effects on the global 
radiation balance, reduced surface temperatures by low degrees C under the 
plume have indeed been observed at localities near the fires themselves. 

2.4.4 The reported "black rain" or "black snow," precipitation falling from 
clouds affected by the plume, are due to pollutants scavenged from the plume, 
including oil and soot. It remains to be seen how frequently such events will 
occur and, therefore, there is a necessity for a rapid expansion of of Global 
Atmosphere Watch measurements of carbon soot content precipitation chemistry, 
SOz and surface ozone from the area of the Red Sea through the Gulf, 
downwind (eastward) as far as Iran, Pakistan, northern India,_ Afghanistan, the 
U.S.S.R. and western China. 

2.4.5 It is projected that soot deposition over the snow covered mountains 
of the Himalayas and northward may cause some faster melting in the spring 
season (March-May). The projected slight increase in the temperature contrast 
with the Indian Ocean might somewhat intensify the monsoon rain (as in an 
anomalous year); however, the natural variability is so large that the 
detection of a significant change would be difficult. 

3 • THE SOURCE 

3.1 ·Meteorology 

3.1.1 Near-source exposure regimes will be dominated by local meteorological 
factors, such as the presence of a land-sea breeze circulation and the 
strength of any drainage flow from higher elevations inland. In addition, the 
local wind velocity will be affected considerably by the presence of the fires 
themselves. Forecasts of periods of high concentration must take such factors 
into account. Figure 3 defines the generic source term in the broader context 
of local, regional and global meteorological perspectives and the need for 
local warning/alerting and forecasting systems. 

3.1.2 The area is generally arid with rainfall varying from 50-500 mm/year 
(Kuwait has about 115 mm/year). Most of this rain falls from November to May, 
with the summer months being particularly dry. Somewhat further afield, and 
especially over much of the Indian sub-continent, the annual rainfall is 
dominated by the summer monsoons. The shift in rainfall pattern will be 
reflected in shifts in the deposition pattern of the fire-plume's constituents. 
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3.2 Output 

3.2.1 Current estimates of the amount of oil burning vary from \~ 
3 to 5 Mbl/day. Combustion product formation is highly dependent on fuel 
characteristics which vary across the Kuwaiti oilfields, fire size, and fire 
dynamics. In particular, soot is often in the form of complex agglomerates. 
The products will include a spectrum of particles sizes and types, sulfur 
dioxide, carbon monoxide. carbon dioxide, polycyclic aromatic hydrocarbons 
!PAHsl. volatile hydrocarbons and heavy metals including vanadium. Hydrogen 
sulfide will also be present, but will be rapidly oxidized to sulfur dioxide 
if the plume is burning. 

3.3 Combustion Products 

3.3.1 Preliminary results in the near-field have shown peak concentrations 
as follows (see also Appendix VI): 

so. 

voc 

Particulates 

2 ppm (instrument detection limit of 1 ppm) 

42 ppb (close to a pool. of oil! 

2.5 ppm 

5.4 mg/m 3 (during plume touchdown in the Al Maqwa 
oilfield) 

Long-term averages of SOz and particulate matter - "fumees noires" 
!FNl were measured by the mobile air monitoring laboratory of AIRPARIF, Paris, 
France. S02 was recorded at 500 ~g/m 3 for 8- and 12-hour measuring .]-
periods with peaks ranging up to 2900 ~g/m3 • FN reached 700 ~g/m 3 for a 6-hour average and the maximum hourly average was 1600 ~g/m 3 • The 

. Kuwait Qil Company also measured an 18-hour average of 5000 ~glm' of SOz 
at Ahmadi Hospital !See Appendix IV, Section 2.2). 

While somewhat further away in Saudi Arabia, high levels observed were 
600 ~g/m3 for so, and 300 ~g/m3 for TSP. 

3.3.2 P. Foster !France) carried out various simulations of oil burning for 
different 0 2 /oil ratios to simulate incomplete burning. Previous analyses of 
the exhaust gases where done for CO, co,, NO, NO,. SOz and PAH. 
Interactions with aerosols can be studied using a special smog chamber. 

3.4 Particle Size Distribution 

3.4.1 Particulate aerosols resulting from oil fires. in addition to gases, 
pose a health problem to exposed populations. Particles with small 
aerodynamic sizes (on the order of one micron) penetrate deeper into the human 
respiratory system than do larger particles. Combustion processes can produce 
a large number of small particles and thus the size distribution of airborne 
particles in addition to the total suspended mass, must be characterized to 
determine the level of health threat. Chemical reactions, particles 
scavenging, agglomeration, and deposition are a function of the particles size 
distribution. 
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3.4.2 Soot particles formed from the source have irregular shapes and their 
size distribution depends upon the oil fuel composition and resulting 
temperature of combustion. In order to determine the evaluation and fate of 
the resulting pollution. size and composition distribution of the aerosols at 
the source and along the plume paths must be measured and modelled. 

3.4.3 There are a large number of scientific particles measurement 
capabilities which can determine the quantity of Total Suspended Particles 
(TSPl, Particle Mass below 10 microns (PMtol and the quantity of the varying 
chemical composition and mass accross the spectrum of particle sizes (using a 
so-called diffusion battery!. Such measurements. when compared with upstream 
values. are invaluable for analysis and modelling of source processes and 
plume evolution. 

3.5 Heat Output 

3.5.1 As the emitted oil burns, heat is released into the environment. The 
resulting heat is responsible for the initial buoyancy driven plume rise 
although additional rise or fall may occur due to the absorption of solar 
radiation (self-lofting), and the effect of fire-induced wind circulations. 
Super or aggregate plumes result from the contributions of many smaller 
fires. While combustion temperatures can be modelled from fuel .composition 
and mixing approximations. these models are not accurate enough and 
Uncertainty surrounds·. such calculations. Combustion. temperature and plume 
rise measurements can be made by remote and in situ techniques. 

3.6 Near-source Monitoring 

3.6.1 Figure 3 defines a framework for source term measurements from 
individual wefl fires and total oilfield including the gaseous and particulate 
emissions into individual plumes- which sUbsequently merge into the super 
plumes. 

3.6.2 The near-source measurements needed for establishing credible 
assessments. models, or forecasts include the following: 
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collection of background air samples for particle and gas 
analysis, both at ground level and at plume levels, 
characterization of the Kuwait crude oil in terms of its chemical 
composition and its product when burned in the conditions of the 
fires,. 
characterization of soot - both organic and black carbon - from 
an appropriate range of combustion conditions. including 
geometrical and optical properties. and 

· a survey of burning wells in which each well is classified by the 
character of its fire (to be updated periodically as the fires 
are extinguished). 
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These data then can be used to: 

estimate fuel flows. 
estimate heat release rates of individual burning wells and of 
total oilfields, 
estimate detailed well smoke. gaseous and particulate emissions. 
coordinate emission estimates resulting from the above source 
analyses and from measurements within the super plumes. using 
aircraft and surface-based instrumentation, 
develop local induced flow field models in combination with 
ground data for local warning system forecasts. and 
develop super plume effective source prediction model to provide 
input to regional and global models. 

3.6.3 Near the source. the effect on population centres and sensitive 
ecosystems on land and in the Gulf waters will be influenced by local 
meteorological conditions -- the presence of strong vertical mixing, 
subsidence due to local effects (for example the presence of a closed 
circulation due to land-sea differences) or subsidence due to large-scale 
synoptic conditions. None of these conditions can be accurately forecast 
without extensive information on local wind fields. primarily in the region. 
between the sources and the impact areas of concern. Such wind field 
information can be provided by an array of meteorological instruments and by a 
numerical model that is designed to account for the local surface variability 
and is verified against data. 

4 REVIEW OF PRESENT MONITORING AND ESTIMATED EFFECTS OF THE FIRES 

4.1 Structure of the Plume 

4.1.1 Where they exist, data on the composition of the source oil taken 
prior to the fires need to be made ·available to the modellers. Other data on 
flows rates. heat. smoke. gas or particulate emission~ are not available. 
Consequently modellers have based their calculations on either assumed values 
for source term parameters or literature values derived from other. presumably 
similar cases. This makes modelling the Kuwaiti plume very uncertain. 

4.1.2 Photographs of the burning wells. show a variety of conditions: some 
wells have high pressure jet flames shooting straight up, others appear to be 
a combination of tilted jets with or without substantial surrounding burning 
pools of oil on the ground; some wells are spewing out large quantities of 
thick black smoke. other have whitish plumes that look more like steam than 
burning oil. The meeting was informed that with the creation of a local 
heat-island. a distinct inflow of near surface air has been observed within 
the lower 150 to 300 m above ground ~evel. At times that ir~low wind was 
estimated to be 5 to 15 m/s. 
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4.2 Current Meteorological and Air Samoling Surface Monitoring 

4.2.1 Surface monitoring programmes are critical to any evaluation of 
potential health impacts of the pollutants generated by the Kuwaiti oilfield 
fires. Concentrations of these pollutants are governed by emissions and by a 

'wide range of meteorological variables. Surface based and upper air 
meteorological measurements are essential and currently missing in Kuwait. 
·Therefore, an improved knowledge of the local and regional meteorological 
regime is urgently required. 

4.2.2 Saudi Arabia has a long-standing monitoring capability which is 
presently being enhanced to provide more information related to questions 
about potential human health effects (see Appendix VI). 

4.2.3 There are at present only two operational air quality stations. In 
Kuwait City, however, these currently do not measure soot or other particles 
fractions likely to be of concern to health physicists. The locations and 
coverage of samples are inadequate to cover what is needed for assessment of 
the environmental damage and the impact on health. 

4.2.4 The reports on Kuwaiti and French measurements of SOz (5000 
~g/m3 ) are alarming and exceed the WHO standards. Measurements done in 
Saudi Arabia show maximum levels of SOz (6000 ~g/m 3 , TSP (3000 
~g/m3 ), and PAH when within the plume. Already topsoil (0-5 em) analyses 
show higher nickel and vanadium concentrations than lower soil layers (15-25 
em). 

C) 

4.2. 5 On the regional scale, outside Saudi Arabia and Kuwait, no data are ,\·. 
available as yet. At WMO GAW global baseline stations no significant ,_) 
atmospheric disturbances have been reported yet, but if trends or anomalies in 
e.g. atmospheric turbidity would be detected, it is expected that immediate 
reports will be available. 

4.3 Aircraft Measurements 

4.3.1 Observations, taken in late March/early April 1991 'by the U.K. 
aircraft, are still being analyzed (See Appendix VII). However, preliminary 
results at a height of 2000 m, at a distance of 100 km downwind of the fires, 
indicate peak values as follows: 

SOz NOx PM, o Ozone Plume- Plume-
Sunlight top base 

(ppb) (ppb) (em-') (ppb) (km) (krn) 

1000 50 30.000 Reduced levels except at Reduced to essen- 3-4 1-1.5 
at plume-top (80 ppb) tially zero 

At 1000 Jan downwind, PM t a counts reduced to 1,000 per cc. 

4.3.2 The results taken by the U.S.S.R. aircraft at distances more than 2000 
krn from the fires in the region of the Caucasus and the Crimea at a height of 
1500 - 3000 m indicate soot values of 0.12-0.32 ~g/m 3 arnd a benzo-a-pyrene 
concentration of 0.02 - 0.16 ng/m 3 
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4.3.3 The U.S.A. presented a national plan (s~~arized in Appendix VIII) for 
research aircraft flights involving several agencies which is about to be 
implemented in the Gulf region. The existence of plans in various stages of 
development for activities in the region (for example. Germany and U.S.S.R.) 
was noted by the experts. The interested parties were urged to coordinate 
their plans and flights with the existing Kuwaiti and Saudi Arabian plans 
through the use of the recommended WMO coordination mechanism for this proj~ct. 

4.3.4 The U.S.S.R •. proposed an aircraft campaign in order to determine the 
geogr.aphical distribution of the combustion on the regional scale over a range 
up to 3000 km from the source. Details of the plan are given in the 
Appendix IX) • 

4.4 Satellite Observations 

4.4.1 Satellites and the space shuttle observations clearly show the Kuwait 
oilfield fire signatures and downwind gas/aerosol plumes spreading out and 
merging over hundreds of kilometers. Conventional meteorological. LANDSAT. 
SPOT. and other satellites provide a range of spectral and areal resolutions 
which can be used to identify well and surface fires as well as track the 
plumes. Image processing and analysis of satellite data is proceeding to 
quantify the character and extent of plume coverage and will provide a means 
of verifying predictions. In addition, future satellites and shuttle missions 
should be considered for new observational tasks. 

5. USE OF MODELS TO ASSESS CONTINUING EFFECTS 

The meeting heard presentations on the results of several modelling 
efforts already performed based on the available data and information. A 
review of the models presented is given in Appendix X. 

5.1 Near-field Models 

5.1.1 At the present time. near-field results depend on data from limited 
information about the source, local meteorology. and atmospheric composition 
characteristics. Photographs from the oilfields show significant variations 
in plumes from nearby fires. 

5.1.2 Relatively brief attention was given to the problem of near-field 
modelling. regardless of the recognized importance of tnis topic. In 
practice, the purpose of near-field modelling is largely to warn of the 
likelihood of occasions of unusually high exposures, for which application it 
is not necessary to have detailed information on emission rates. However, if 
it is desired to forecast actual exposure regimes as well as their likelihood 
of occurrence, then detailed source data are required. For proper prediction 
of downwind concentrations. it is necessary to have reliable input data on the 
following parameters: 
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a. Source emission rates with time for individual wells and their 
locations; 

b. Heat release for each fire and combustion efficiency; 
c. Chemical composition of gases and particles; 
d. Oil-water mixing ratio; 
e. Exit velocity and exit temperature; 
f. Effective diameter of the ruptured pipe; 
g. Effective plume rise; 
h •. Variation qf transport layer depth with time; 
i. Wind-field data at various locations; 
j. Stability conditions in time and space. 

5.1.3 Dr. U. Schumann presented results from a non-hydrostatic 
three-dimensional mesoscale model. The heat release from burning 1.3 Mbl/day 
of oil within an area of 10 km x 10 km causes a fire-wind of about 10 m/s 
inward and upward. This wind carries the soot from the fire upward up to the 
level of increasing tropospheric stratification (about 3 km). The plume 
penetrates about 500 m into the stable troposphere but is then transported 
downwind with the mean wind which was about 7.5 m/s at that level. The soot 
concentration is of the order of 1 mg/kg within a layer from 2 to 3 km in 
altitude. Satellite observations of 24 February 1991 confirmed that the plume 
stays below about 3 kms. 

5.1.4 The King Fahd University attempted to apply "~" near-field software 
package in order to estimate concentration of pollutants within l00-l50km 
radius from the burning oil wells. This model when applied in the Gulf area 
showed high concentrations of pollutants on 1-hour time scale. atmospheric 
chemistry development on an 8-hourly time-scale and wet and dry deposition 
processes (also see Appendix VI). '.~.) 

5.2 Medium- and Long-range Models 

5.2.1 Operational models, both Eulerian and Lagrangian exist for simulating 
dispersion on medium-range scales.· They simulate .transport. dispersion, wet 
and dry deposition. Urban and regional scale air pollution models which treat 
the atmospheric chemistry,· wet and dry deposition processes are available for 
application in the Gulf region. Use of models on this scale is hampered by 
lack of meteorological and pollution concentration observations, particularly 
precipitation fields. 

5.2.2 Some models concentrate on climatological aspects of the problem on 
this scale. Other models attempt to give fields (short period or long-term) 
of concentration; dosage and deposition; as well as statistics of episodes of 
highly acidic rain. For their verification, there is an acute need of 
atmospheric composition and precipita~ion measurements in the downwind regions. 

5.2.3 The Air Resources Laboratory (ARL) of National Oceanic and Atmospheric 
Administration (NOAA) produces operational forecasts of trajectories in the 
850-700 mb height range for 36 to 72 hours. These forecasts can be produced 
routinely for use in assessments of the movement of emissions from the Kuwaiti 
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oilfield fires. Trajectories are integrated from NOAA meteorological forecast 
and analysis products. The NOM .. ATDL .. model has been prepared for operation 
in the Gulf region and beyond, and can give operationally daily information as 
well as estimates of climatology. 

5.2.4 Both the Lawrence Livermore National Laboratory CLLNL) and.the Dutch 
National Meteorological Service CKNMI) are able to produce operationally and 
routinely patterns of air pollution dispersion in the region. Due to the 
uncertainty of the source term and the meteorological input data, these 
patterns have a highly qualitative nature. 

5.2.5 More detailed mesoscale meteorological models such as the "Pielke" 
model have also been applied to the oilfield fires. The model has been used 
to assess the likelihood of land-sea breeze effects as they might influence 
the transport of the plume. NOM is already supporting and will continue to 
support operations in the larger Kuwait area with its modelling tools. 

5.3 Global Models 

5.3.1 Only a few general circulation models modified to cope with pollutant 
transfer are available. They have been used to assess the large-scale 
increase in atmospheric dust load and the impact this may have on the strength 
of the Indian monsoon, on "black snow", and the effect of this on overall 
albedo. 

5.3.2 J.P. Blanchet informed the meeting on some preliminary results 
obtained with the Canadian Atmospheric Environment Service - Climate Centre 
model (see Appendix X) • 

5,3.3 Dr. H. Graf from the Max Planck Institute for Meteorology showed 
results of simiiar calculations and announced that the investigations will be 
published in "Nature" (30 May 1991) (see also Appendix X for a summary). 

5.3.4 Dr. J. Penner from the Lawrence Livermore National Laboratory 
presented results (Appendix X) from the application of the LLNL global 
climate/chemistry model. 

5.3.5 Preliminary results from these modelling·activities are summarized 
here. They showed that the soot, estimated to be fully two-thirds of the total 
world-wide emissions, will certainly have regional implications for climate. 
but its global consequences are projected to be negligible although they need 
to be further investigated. As it is known, the smoke could either warm the 
climate or cool it, depending on its altitude in the atmosphere and on whether 
it is thermally coupled or decoupled from the surface. Enhancements to 
existing Global Atmosphere Watch stations throughout the region and downwind 
on the order of 3000 to 5000 km should be pursued in order to quantify the 
amount and spread of the soot as well as the changes in radiation parameters 
and atmospheric composition. It has been estimated that the total mass release 
of fine particles (less that 2.5 microns) from the burning oilfields will be 
on the order of l8xl0 12 g/y, which is similar or in excess of the annual 
world-wide emissions of such particles through car exhausts. After one year, 
the emissions of carbon soot from the fires.will double the present 
concentration of these particles in the global atmosphere. For more detailed 
results of these studies is referred to Appendix X. 
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6. RECOMMENDATIONS 

. 6.1 General 

6.1.1 The· experts agreed thet plans for activities· in relation to the 
atmospheric environmental effects of the Kuwait oil fires should focus on: 

a. the fires themselves - their dynamics and products, 

b. the plumes - their dispersion and trajectories and their 
chemistry, 

c. improvement of the meteorological and atmospheric composition 
monitoring, 

d. deposition and effects, such as those related to acid rain and 
other chronic environmental impacts, 

e. effects on weather, especially concerning the monsoon, and 

f. effects on climate, including the effect on the global radiation 
balance. 

g. the provision of effective daily risk assessments to the Kuwaiti 
authorities to help minimize the impact of the pollution on local 
centres of population. 

6.1.2 The Workplan for the Rehabilitation of an Environmental Monitoring 
Programme for Kuwait !Appendix IV) was noted by the meeting. In this respect, .·~ 
the meeting also recommended thet close cooperation be established between the ~ 
monitoring activities of WHO and those of WMO. 

6.1.3 The Gulf Regional Air Monitoring Programme (Appendix Vl was also 
endorsed by the meeting, .with the .. following suggestions: 
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a. The possibility thet evaporating light fraction from oil spills 
could contribute to the dosage of noxious pollutants experienced 
in major population centres was noted. 

b. The plan focuses on PMto monitoring. The WMO experts group 
suggest an additional central monitoring station where many air 
pollutant components are measured as well as the standard PM, •. 

c. Surface ozone measurements were suggested for key monitoring 
stations, with so.· at the source, in order to provide data 
related to possible synergistic reactions. 

d. Black carbon measurements in both air and precipitation are 
desirable at key locations. There is a need to analyze total 
carbon aerosols since black carbon is likely to constitute a 
minor fraction of the carbonaceous material. 
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Some monitoring sites near the coast are suggested in order to 
assess deposition fluxes to the water surface and possible 
accumulation and effects in marine organisms. 

f. An emphasis on the source term is needed. Presently, estimates 
vary across a range of more than a factor of two on amounts of 
oil consumed per day and a factor of ten on chemical and 
particulate emissions per unit of oil consumed. 

g. The extension of the plan to wider areas and the global scale was 
deemed desirable. 

h. Measurements of optical depth of the atmosphere are needed, with 
a few sites arranged around the sources, a few others distributed 
globally. 

i. Up to 3-4000 km downwind, the GAW/BAPMoN (Background Air 
Pollution Monitoring Network) precipitation collection protocols 
should be expanded to include measurements of Ni, v, and soot, as 
well as of the normal c~emical species including pH of the 
samples. Collections should be weekly. New stations should be 
set up in the immediate as well as downwind region, to augment 
the existing GAW/BAPMoN stations. 

j 0 In addition, a major GAW baseline background monitoring station 
should be set up in the southwest part of Saudi Arabia at 3000 m 
above msl (Abba region) as soon as possible. This station is 
essential to the air monitoring part of this project • 

6.1.4 The meeting suggested that in order to assist in determining the 
·chronic exposure to SOz, diffusion batteries might be used. These are 
entirely passive devices and large numbers of them can be deployed. Only one 
central analysis fa·cility would be required. Exposure times for the batteries 
could be on the order of a few days to a week in duration. In addition to 
using the batteries in populated areas, arrays of batteries could be used over 
a larger area to assist in determining the ground level concentration field of 
SOz for comparison with the numerical model predictions of the long-term 
average concentrations of SOz. 

6.1.5 For an assessment of the acute effects of Total Suspended Particles 
(TSP) on human health, a continuous method would be preferred. The meeting 
suggested using quartz microbalances which can provide a 11 continuous" TSP 
signal. This can then be used directly with the continuous measurements of 
SOz concentrations. In addition to the improvement to human exposure 
estimates, such measurements can be used to help in assessing the flux of 
particles from the source. The ratio of TSP to SOz would be obtained on a 
continuous basis and it is probably easier to estimate the HzS and SOz 
source strengths than it is to make estimates of the particles source. It is 
essential that scanning electron microscope images be taken to reveal partial 
morphology. · 
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6.1.6 The meeting noted that measurement programmes should continue for at 
least two years after the last fires a~e extinguished~ to show the complete 
recovery of the atmospheric environment to its unperturbed state. 

6.1.7 In view of the Kuwait Workplan. the Saudi Arabian Programme and 
subsequent.discussion as summarized above. the meeting strongly recommended 
that an international project be organized under the leadership of WMO. in 
close cooperation with WHO and UNEP. with the following components: 
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a. Establish. in cooperation with the meteorological services of 
countries in the region. a network of upper-air and surface 
meteorological and background air pollution stations to provide 
data required for analysis. forecasts. and advisory purposes. and 
to provide input for transport and dispersion models; 

b. Establish a network of surface layer wind and other 
meteorological observations required near the source of the 
fires, including relevdnt air chemistry; 

c. Establish and/or augment existing GAW network of surface 
meteorological stations on a regional scale including the solar 
radiation measurements (diffuse. global and optical depth). 
precipitation chemistry, and essential atmospheric composition 
measurements (eg. so,. soot, surface ozone); 

d. Undertake a co-ordinated programme of aircraft measurements and 
develop a coordination mechanism for aircraft operations and 
other experimental activities (e.g •• tethered balloon operations); 

e. Promote the expansion of on-going air monitoring programme within 
the Global Atmosphere Watch on a global scale; 

f. Develop formats and procedures. to facilitate the international 
exchange of data ensuring that these data required in real time 
are exchanged through the WMO/WWW mechanisms; 

g. Arrange for operational forecasting capabilities and 
international exchange of forecast information using model output 
on all scales including determination of the source term. the 
prediction of the plume. and the long-range transport of the 
pollutants. The objective will be to predict high 
concentrations. deposition and optical characteristics in space. 
time. and content; 

h. Promote observational and analysis activities to test the 
validity of models on all scales; 

i. 

j. 

Provide required atmospheric data and analysis to support WHO 
programmes for human health assessment activities; and 

Arrange for workshops and expert meetings as required for 
comparison of measurements and assessing progress. 
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6.1.8 The meeting recommended that the w~O provide the interface between the 
various national efforts participating in this project and also provide a 
focus for proposals by all groups seeking to participate. 

6.1.9 The meeting noted that the activities envisaged above would require 
substantial funds which are not available under the regular WMO budget. In 
addition to the work of the WMO constituent bodies and their working groups. _a 
considerable amount would have to be covered by external funds and assistance 
in kind. This might include support for field operations. provision of 
instruments. expert missions, central analysis laboratory, as well as the 
establishment of a central coordinating office (providing logistic support) 
and a coordinating body involving the Organization and interested countries. 

6.1.10 Based on availability of funds. WMO will seek to organize a centre for 
data acquisition. archiving. and regional environmental assessment in the Gulf 
region which will facilitate the archival of all observed data within the 
existing system of the World Data Centres. 

6.1.11 Based on availability of funds. WMO will seek to organize a centre for 
observations and operational support in Kuwait City in conjunction with WHO 
activities and with the U.N. Inter-Agency Action Plan. This centre would also 
provide in-country logistic support for aircraft studies- and other field 
activities. 

6.1.12 Based on availability of funds, the meeting recommended that an 
operational modelling centre be established for support of health efforts. 
environmental efforts, and real-time operational support of measurements and 
tactical decisions. 

6.2 Aircraft Monitoring Strategy 

6.2.1 The meeting recommended that, where possible, aircraft should give 
priority to the measurement of source strength and characterization of soot. 
the wind and concentration field in near to medium distances (up to 200 kms), 
the evolution of plume chemistry at long distances downwind (greater than 
200 kms) and the temporal variation of source strength. as above. as fires are 
put out. 

6.2.2 Since for determination of the amount of soot released per time unit. 
the mass-flux is required, it was therefore recommended to measure (i) the 
mean wind field by aircraft and sondes. (ii) the extent and relative 
concentration field within the total plume. (iii) in-situ measurements of soot 
concentration at approximately the same time and at least one flight level 
within the plume. (iv) total sulfur concentration by probes and (v) increase 
in water vapour within the plume. Considered flight patterns were: vertical 
profiles near the source (30 to 80 ron)and along the main plume axis at 
distances from 30 km to 300 km and, in addition vertical cross-sections at 
large distances from the sources (up to 1000 km). 
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6.2.3 The meeting considered the following items as important foL immediate 
consideration: 

6.2.4 
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a. The WMO aircraft coordinator should contact UNEP and appropriate 
officials within Kuwait immediately to coordinate establishment 
within Kuwait of a focal point for coordination and logistical 
support of personnel and projects involved in the implementation 
of the aircraft operations, 

b. Funding for provision of logistical support for field projects, 
especially aspects of the aircraft programme, must be provided to 
WMO by participants either directly or through the U.N. 
Interagency Fund (through UNEP), 

c. All data collected by parties to this programme, particularly in 
the region, should be made available to all parties through WMO, 
in a timely manner, in view of the multiple uses for the data and 
the urgency of the matter, 

d. A very high priority needs to be placed on the re-establishment 
of capabilities in Kuwait for collection of source and local 
meteorological data, 

e. In view of the continuing critical importance of accurate source 
term data, it is essential that efforts be implemented 
immediately and provision be made for continuing updates and 
dissemination of data. 

The coordination of aircraft flights should proceed as follows: 

a. A sequence of aircraft flights should be made covering each month 
with some overlap, where possible, for intercomparison of 
measurements, 

b. WMO should assist in arranging the coordination of aircraft 
activities through national focal points, 

c. WMO should assist aircraft teams to obtain access to national air 
space in the region, 

d. 

e. 

f. 

Local support for aircraft teams in the Gulf area is essential. 

Assistance is needed in providing aircraft teams with model 
forecasts for flight campaigns, 

The WMO should assist in the distribution of flight data. Wide 
distribution of flight data will assist in the planning of 
subsequent aircraft activities and provide test data for model 
evaluation, 
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The W1-10 should assist~ within the next few months,. in the 
organization of at least one workshop to compare and discuss 
aircraft results. 

h. The experts noted that the U.K .• U.S.A. and German airplane 
measuring programmes were bilateral in character. While 
recognizing the need for urgent measurements, the meeting urged 
these programmes and future aircraft monitoring programmes to be 
structured under the framework of the WMO project. 

(More details on the aircraft monitoring strategy are given in 
Appendix XII 

Surface Monitoring Strategy 

The meeting listed the following important considerations in 
deveioping a coordinated monitoring strategy: 
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a. Dispersion of the plumes including upper and lower heights. and 
lateral spreading. 

b. Particle size spectrum of soot. 

c. Upward and downward short-wave and long-wave radiation fluxes in 
order to estimate the heating rate within the plume and the 
cooling below the plume, 

d. Turbulence generated by solar radiation heating within the plume 
which should be observable by pilot reports and measureable by 
turbulence probes (the turbulent motions on the order of much 
less that 10Hz are important), 

e. Particle sedimentation measurements at various distances from 
source, 

f. Observations of the deposition of soot by precipitation, 

g. Boundary conditions for microscale/mesoscale modelling (including 
horizontal wind-field, vertical temperature-profile. vertical 
humidity-profile. accurate information on distribution and 
intensity of the single fire sources, cloud cover. background 
concentrations of ozone. nitrogen oxides. sulfur. etc .• up to 
altitudes well above the plume); 

h. Air-chemistry measurements including surface ozone. NO, NOx. 
particles. sulfate, nitrate, etc. These measurements would be 
essential in determining detrimental interactions between 
existing air pollutants (chlorinated pesticides) and the soot 
component of the oil fire plumes. 

i. Surface albedo, atmospheric transparency, components of radiation 
balance. 
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5. 3. 2 There is an urgent need for a small meeting of e:<D_ erts on atmospheric 
moni taring to determine the most desirable measurements as a factor of () 
distance from the fires (immediate, regional, global) and to recommend 
specific actions for WMO to take for implementation, funding, and expert 
missions to make these data available. 

6.4 Modelling Strategy 

6.4.1 The meeting recommended the following strategy for the modelling 
community: 

a. Emergency response and hazard assessment models should be used 
immediately to provide information on possible health 
implications and close and downwind guidance for necessary 
measurements, 

b. Regional and global models must be tested using the available 
enhanced data which must be archived and made available, 

c. WMO should designate a task force of modelling. experts to meet 
shortly to examine results of modelling and data gathering 
efforts in order to determine how to use these in the larger 
scale models and to plan for later aircraft intercomparisons and 
comparisons with other data, and 

d. Research efforts should be made to improve these models and to 
transfer advanced technology into operational and assessment 
models (the task force may be used to coordinate this technology 
transfer). 

6.4.2 The meeting concluded that the models discussed in Appendix X have 
important capabilities for multiple situations. However, for improved 
specific application, research efforts are still needed for regional 
atmospheric modelling in the areas of transport and diffusion, terrain 
influences, surface boundary layer parameterization, air-land-sea interaction, 
oil fire impacts, radiation balance, chemical reactions, deposition, model 
formulation, solution technology, and coupled verification and development 
measures. Appendix X also contains a detailed list of modelling 
recommendations endorsed by the meeting. 

6.4.3 For source-term characterization, a phased approach will be necessary 
to include: 
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a. conducting preliminary exploratory studies of the feasibility of 
characterizing individual fire plumes, their heat release, and 

b. 

their combustion products, · 

conducting full scale programmes including both dynamic and 
chemical aspects, 
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establishing a micrometeorological·network to provide local wind 
field data and to verify local flow field models, and 

d. implement multi-fire local flow field models. 

6.5 Data Collection, Assessment, and Management 

6.5.1 Near field data from Kuwait should be routinely collected and analyzed 
in Kuwait City and made available to the authorities concerned. The WMO 
office on site in cooperation with these authorities would also serve to 
provide local background wind field data for field studies as well as to 
effect exchanges of data and analyses with aircraft and modellers. 

6.5.2 The collection of data and exchange of information on an international 
scale would be organized by WMO in accordance with agreed WWW procedures using 
WWW structures, where appropriate. In particular, use would be made of the 
GTS as far as possible for the real-time excr~nge of data ~ld products and of 
the capabilities of the Regional Specialized Meteorological Centre (RSMC) and 
Regional Telecommunication Hub (RTH) in Jeddah to provide data base services. 

6.5.3 Relevant data collected downwind and globally should be copied to the 
RSMC in Jeddah in addition to their normal submission procedures to the World 
Data Centres. 

7. REPORT AND CLOSURE OF THE MEETING 

7.1 The Co-chairmen thanked the experts for their hard work and active 
participation during the past four days. They noted that despite the short 
time available for preparation and the short meeting time which included a 
weekend, a number of important steps had already been taken. 

7.2 The meeting reviewed the main parts of the draft report and the 
Chairmen promised to assist the wMO Secretariat to produce the final report in 
the shortest time possible so that it could be used to meet the urgent needs 
in Kuwait and the entire affected region by WMO, by WHO, by other 
international agencies, and by countries involved with further contributions, 
coordination, and planning. 

7.3 The Kuwaiti representative thanked the chairmen.and the experts for 
their efforts. He reiterated the urgency of the current situation and 
appealed to interested countries to make timely contributions and thus 
facilitate WMO's effort to proceed with implementation of the meeting 
recommendations as quickly as possible. 

7.4 The meeting was· declared closed at 3:00PM on Tuesday, 30 April 1991. 
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WMO MEETING OF EXPERTS ON THE ATMOSPHERIC PART OF THE 
JOINT U.N. RESPONSE TO THE KUWAIT OLLFIELD FIRES 

(Geneva, 27-30 April 1991) 

AGENDA 

1. OPENING OF THE MEETING, ELECTION OF CHAIRMEN AND APPROVAL OF THE AGENDA 

2. Ih~RODUCTION TO THE PROBLEM 

3 • THE SOURCE 

4. REVIEW OF PRESENT MONITORING AND ESTIMATED EFFECTS OF THE FIRES 

5. · USE OF MODELS TO ASSESS CONTINUING EFFECTS 

6. RECOMMENDATIONS 

7. REPORT AND CLOSURE OF THE MEETING 
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ENVIRONMENT PROTECTION COUNCIL 

_. _ FPC (r::ro I Jlioo 
ll. .. erence 

,, .. 
Dace 26 APKII= ~qq1 

Dr. Obaai 
Secretary General W M 0 

Dear Sir: 

Thank you and the World Meteorological Organization for hosting 
this meeting and for- your kind invitation to attend. we are very sorry 
we could not come because of the short notice and the unavailability of 
flights from Kuwait •. 

Attached please find a copy of a plan for the rehabilitation of the 
environmental monitoring facilities of Kuwait. The plan was discussed 
with Dr. David Mage of the World Health Organization (WHO) who kindly 
agreed to present it. in our behalf and express our points of view. We 
regret that he will not be able to return to Geneva until Sund·ay 28 
April 1991. Many other experts, some of them attending this meeting, 
have first hand information of the situation in Kuwait. If Dr. Will 
Pendergraf (NOAA) and Mr. Andy Bond (US EPA) are attending they can 
explain to you how desperate our situation is and how much help we 
need, 

I would like to take this opportunity to thank WMO and all the 
organizations represented at the meeting for their interest and desire 
to help us. Many organizations and governments have already provided 
help. The French Ministry of the Environment helped with the air 
pollution measurements and the US EPA provided us some badl:r needed 
equipment and promised more. Many other organizations showed real 
concern and willingness to help, which we would like to acknowled~e. 

Thank you again for your kind assistance. 

Attachment: Plan for Rehabilitation of Environaental 

· cc: Dr. Hiroshi Nakajima, Director General WHO 
Attention Dr. D. Tarantola, ERO and Dr. w. Kreisel, EHE 
Kuwait Mission to the United Nations, Geneva 

13104 : .j..L.~I_;-)1 ~_,s:JI (iu..JI) Tt T'~o : ":". _,... T !T 1 ~ ~T' : _,..Sii. t U 'A : ._,..sJ;. T t 0 TV~' • Tt o,AT'O /T', : .J_,.il; 
Tel.: 2452790=2456835/36=Telex: 46408 EPCNCL KT Fax: 2421993=P.O.Box: 24395(Safat)Kuwait13104 
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APPENDIX IV 

WORK PLAN FOR THE REHABILITATION OF AN ENVIROm1El!!TAL 
MONITORING PROGRAMME FOR KUWAIT 

AIR POLLUTION MONITORING 

Background 

1.1 The air pollution problem coming from the burning of app~oximately 6 
million barrels per day of crude oil plus natural gas from the oilfields is 
probably the most serious incident of this kind ever recorded. This burning 
began in earnest on 42 February 1991 and many people have been exposed to the 
resulting fumes since then. The environmental impact of crude oil smoke is 
probably unique and previous experience with coal smoke or diesel particulates 
is not going to help very much. To our knowledge there is no information on 
the composition and toxicity of the chemicals being emitted and no computer 
models are available to handle the complex plume behaviour from the burning 
oilfields. 

·1.2 The urban area in Kuwait extends as an inverted L. The short limb 
runs from east to west along the coast o£ the Gulf of Kuwait •. The longer limb 
ext~nds north to south down towards Saudi Arabia (see Figure. 4). 

1.3 The oilfields on fire are to the southeast and to the northwest of 
Kuwait City. The coastal strip will be mostly affected by the oilfields to 
the south. These oilfields are quite close to the coastal strip and extend 
for almost 80 km on its periphery. 

1.4 The meteorological department is not operating at the time, as all 
equipment was looted and the facilities destroyed. Based on the previous 
records (1957-1982), during the period April-June the synoptic wind is mostly 
north or northwest. In the absence of the oil fire heat island effects the 

·wind would be blowing from the southeast for 18% of the time .. Further day and 
night differences were recorded and land and sea breeze data had to be taken 
into account for the coastal area when the wind speed is low. Ground based 
inversions were generally prevalent at night when the sky was clear and 
radiation from the surface unobstructed. 

1.5 The existing pattern of the surface wind is now probably significantly 
different from what it was before the oil fires. The burning wells are 
creating strong "heat islands" and strong incoming winds towards the fires are 
reported at the periphery of the fields no matter what the direction of the 
prevailing wind in the upper air might be. 

1.6 The monitoring facilities for air quality included three fixed 
stations measuring the principle pollutants and meteorology. Four high volume 
samplers and several dustfall buckets were available. Two of the stations 
are operating now but the third station is being cannibalized and used up as 
spare parts to keep the other two stations operating. 

4.1 Air Quality Data 

Air quality measurements have been made by several agencies during the 
first two months of this oil fire crisis. Preliminary data show that peak 
levels of SOz are exceeding WHO guidelines with an increase in mortality 
among elderly and chronically ill people when accompanied by an equal 
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concentration of (coal) smoke type part~culate matter. Because the crude oil 
smoke particles have a different chemical composition, their relative toxicity 
compared to coal smoke particles is an t.mknown. For example, to our ~~. J-
knowledge, the rate of catalytic conversion of SOz to HzSO• on the 
surface of these oil smoke particles has not been measured. These plumes are 
so opaque over the EPD monitoring stations that incident solar radiation is 
being reduced to one-tenth of the normal values measured on the same dates in 
the past. 

2.2 Measurements of SOz 

2.2.1 The government of France, through the Department of Police, Paris, 
kindly provided the services of a mobile air monitoring laboratory to EPD in 
late March and early April 1991. Measurements made on SOz at several 
locations in Kuwait found concentrations of SOz reaching high levels. 

High values of 470 ~g/m 3 for a 12-hour average, with a maximum 
five-minute value of 2900 ~g/m 3 and a 3-second peak of 3400 ~g/m 3 were 
obtained. During this period of peak pollution the thermometer recorded a 
significant rise of temperature indicating the touchdown of direct plume. 
These data were measured during the evening from 3 to 4 April 1991 at the 
English school at the 5th ring road of Kuwait City. 

On 3 April 1991 at the 7th ring road nearer·to the oilfield fires an 
8-hour average of 500 ~g/m3 was measured with a maximum 5-minute average 
of 1200 ~g/m3 and a 3-second peak of 1450 ~g/m3 with no accompanying 
fluctations of temperature. 

2.2.2 The government of the U.S.A. through the courtesy of EPA provided 
measurements of SOz made at several locations in Kuwait from instantaneous 
and 20-minute grab samples. Although the measurement technique used had a 
high limit of detection, their results on SOz in the Kuwait area indicated a 
range of instantaneous values up 0 to 1 ppm (2860 ~g/m3 ) at the U.S. 
Embassy and up to 0.2 ppm SOz (Summa datal in the oilfields directly in the 
plumes.· The U.S. Air Team report states "the SOz levels of 1 - 2 ppm should 
be used with caution". 

2.2.3 The Kuwait Oil Company medical facility of Ahmadi Hospital has 
recorded SOz by the HzOz bubbler method. On 22 April 1991 an 18-hour 
average· of 1.65 ppm (4700 ~g/mg 3 ) was measured during a period of direqt 
fumigation from the Ahmadi oilfield plumes which proauced a blackout. During 
this period a Professor of environmental studies reported that stinging 
droplets of oil fell on his skin and that two of his female students fainted 
while out taking part in a survey of symptoms in the neighborhood. 

2.2.4 The Kuwait MOPH/EPD has also measured 24-hour average SOz by the 
HzOz bubbler method at 4 hospitals in" Kuwait City since 13 March 1991. 
Maximum daily SOz levels of 200 to 250 ~g/m3 have been measured. 

2.3 Comparison to WHO Guidelines for SOz and Particulate 

WHO has recommended that susceptible individuals be protected from 
10-minute peak values of 1000 ~g/m3 of SOz by use of a safety factor of 
2 resulting in a guideline value of 500 ~g/m3 • This value is consistent 
with a one-hour value of 350 ~g/m3 under typical urban air pollution 
conditions which was therefore chosen as the 1-hour average guideline value. 
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For longer term 24-hour averages of SOz exposures combined with 
particles arising from urban sources such as coal. fuel oil and gasoline 
combustion, the health effects associated with these combinations are shown ~n 
Table 1. It is necessary to note again that the chemistry of the particulate 
phase resulting from the Kuwait crude oil fires can vary between the oilfields 
as some are sweet (low Sl and others are sour (high Sl and both will be 
different from the winter urban particle mix on which Table 1 is based. 

WHO does not provide guidelines for exposures based on carcinogenicity 
since no safe threshold may exist. Until the organic constituents of the 
plumes are measured and understood prudence requires avoiding unnecessary 
outdoor exposures during blackout periods. · 

2.4 Potential for Health Effects from the Oil Fire Plumes 

The measurements described above and their relationship to the WHO 
guidelines indicate that a serious air pollution situation exists for the 
people ~esiding in Kuwait. At the present time, the combi~~tion of synoptic 
meteorology, the heat island effect and the emission source distribution has 
lead to rapidly fluctuating positions of maximal impact of the oil fire 
plumes. Measurements at fixed station locations show-the presence of high 
concentrations for short periods of time (6 to 18 hours), after which the 
plume cloud appears to shift to another location where measurements are not 
available and the concentrations decrease at the station. 

At the present time, it is impossible to predict accurately what the 
seasonal changes in weather patterns will do to the oil fire plumes. As the 
pressure in the oilfields decreases and oil fires are extinguished the thermal 
plume rise and heat island effect will become smaller and much higher ground 
levels of SOz and PMto can be expected nearer to the population centres. 
In the eve~t of atmospheric stagnation the SOz and PM,o concentrations 
could build up to the levels shown in Table 1 which would constitute an acute 
air pollution emergency. 

It is therefore necessary that an air quality monitoring system 
capable of measuring the overall spatial pollution distribution and 
meteorological variables be developed to provide real time information and 
predictive capabilities so that public health authorities can issue warnings 
and take protective actions to protect the people living_ in Kuwait. 

The sections that follow describe the components of the overall plan 
that the MOPH/EPD sees as necessary to put in place. There is a need for 
funding, supplies, equipment, personnel, consultants and advisors to help the 
MOPH and EPD in this period of need until our country can stand on its own as 
it did before the war. It is hoped that this outline will show areas of need 
so that the international community can provide assistance to Kuwait that is 
an element of our plan and not a dupiication or superfluous effort. 

3. Air Quality Monitoring 

The system was designed to look after the air quality resulting from 
traffic, industry and power plants. Of course the problem of the pollution 
from the burning oil wells was not anticipated or accounted for so major 
changes may need to be introduced to the system to get them in line with the 
existing (or future) plume directions and impact locations. Examination of 
the SOz data from the fixed stations shows significantly lower 
concentrations than measured by the mobile lab and grab samples taken nearer 
to the plume axes. 
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A number o£ facilities including three mobile stations were loo~ad pnd 
other equipment was badly damaged. This losS of equipment combined with the 
loss of technical personnel and the existing magnitude of the new air \r-J 
pollution sources makes it imperative for the complete system to be expanded , 
and updated as soon as possible. 

The following sections describe the integrated elements that will be 
required for an air quality monitoring system that is proposed by the EPD for 
managing the overall programme: 

3.1 Fixed Monitoring Station Requirements 

The area to the west of Kuwait City, Jahra (150,000 before the crisis) 
is not covered in the existing system now. The area is rural but it is now in 
the plume shadow of the northern fields. No monitoring stations are now in 
the area to the south near the border with Saudi Arabia. Information from 
this area will help estimate the transboundary flux. A means for transmitting 
the information directly to the central computer in the EPC is needed. An 
alarm system should be installed to alert us if and when the levels of 
pollutants exceed our warning levels (still to be established by EPDJ. The 
computer capabilities should be upgraded and special software developed for 
this system. 

3.2 Mobile Air Monitoring Laboratories 

All the mobile laboratories were taken away to Iraq. At least two 
vans provided with pollutant analyzers and meteorology sensors are needed. 
The wind direction in the vicinity of the oilfields is changing very rapidly 
and vans are needed to measure the levels up and down the wind axes and to 
trace the plumes. The system could determine the probable contribution of the 
different sources •. The vans are intended to be used in the field and a power 
supply (220 V/50 Hz) would provide the necessary flexibility. 

The Federal Republic of Germany has kindly promised to provide one van 
to tne EPD and the People's Republic of China has offered the services of a 
similar van and crew, if transportation and crew expenses can be provided. A 
mobile gas chromatograph would be a very valuable complement to this system. 

3.3 Monitoring for Particulate Matter 

The U.S.A. EPA has kindly loaned us 9 portable PM1o samplers. The 
equipment will be installed at sites to be agreed on. Three fixed PM1o 
monitors are available now (2 provided by U.S. EPA) and will be installed at 
the fixed stations. The filter papers will be weighed and extracted locally. 
Certain hea,Y metals will be looked for in an attempt. at "finger printing" and 
the composition of the hydrocarbon fractions will be determined by the HPLC 
and GCMS in the EPC laboratory. 

3.4 Personal and Indoor/Outdoor Monitoring 

Because people will spend most of their time indoors, preferentially 
in air conditioned homes especially during times of plume impact and blackout, 
their exposures may not be accurately characterized by ambient air quality 
data. It is therefore necessary to run some personal monitoring of exposures 
to SOz and PM1o in areas of expected maximal concentrations in order to 
evaluate exposures and protection factors. For certain volunteer subjects 
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SOz and PM1o will also be monitored both indoors and outdoors to measure 
the protection factors for the various t~rpes of homes and activity diaries 
will be kept. Equipment required will be passive personal exposure monitors 
(PEMSl for S0 2 and pump/cyclone cartridge combinations for particles. 
Personal samplers for PAR such as those designed by ORNL can be used to get 
the vapour phase ~AH exposures. (See section 4.2 for discussion of the HEAL 
project this will be a part of). 

3.5 Meteorology Network 

The only available (non-military) data now for meteorology and 
modelling are those provided by the two EPC fixed stations in the built up 
areas. No predictive capabilities are available from the Kuwait weather 
service which was destroyed during the war. The U.S. NOAA was kind enough to 
provide a system of 15 weather stations together with transmitter/receiver 
capabilities that can operate remotely using solar powered batteries. This 
will cover the problem of the surface data. Howe•1er, upper air data are not 
available and they are needed for tracing the large scale plume transport. 
The alarm system will require this information. A doppler sodar system with 
3 km range is needed to replace the one destroyed. 

3.5 Quality Assurance 

Some grave decisions may need to be based on the information generated 
by this system and the quality of the data must be looked into critically. 
There are many protocols available and the appropriate ones should be 
selected. The U.S. EPA has promised QA/QC help in extracting and analyzing 
the PMto filters. Before the war EPD used to run duplicate samples with 
Kuwait University and Kuwait Institute of Scientific Research (KISR). Now 
this must be done through other institutions abroad. The IAEA marine 
laboratory (ILMR) in Monaco was used as a reference lab before the war and 
contacts will be established through the UN coordinated plan to reinstate this 
service. 

3.7 Laboratory Requirements 

The EPD laboratory will need the ability to measure the inorganic and 
organic gas phase constituents which are sampled in special studies· using 
Summa containers or equivalent. The particulate fractions to be collected 
will need to be weighted, extracted and analyzed in Kuwait in order to 
minimize turn around time and reduce the possibility of sample loss or 
transformation during transport. Microbalances and extraction equipment are 
required for weighing and sample preparation. The equipment for analytical 
procedures, GCFID, GCMS and HPLC are available in Kuwait but new standards for 
the crude oil combustion constituents and spare parts are required. 

The toxicology testing of coilected fractions of the particle mix and 
semi-volatiles (PUF) will be performed by the Harvard School of Public Health 
and another laboratory (perhaps at EPA) and will be needed for an independent 
verification or QA/QC control. 

3.8 Repair Facility 

In order to assure continuous operation of equipment a repair facility 
with modern test kits and diagnostic tools is required. An inventory of spare 
parts most likely_to fail must be established and communications arranged with 
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suppliers so that expensive units not stocked can be supplied immediately on 
demand. Although it is planned to have a spare one of each type of monitori~g 
instrument in the r-epair/calibration facility the ability to immediately ,·J 
repair equipment is needed. The EPD repair facility was looted and a list of . 
equipment required will be made available for donor support. 

3.9 Data Base Management 

The most urgent requirement is for real time data transmission from 
remote stations to the central location for emergency warning capabilities. 
There will be a continuous flow of data into the data base from monitoring 
stations, meteorlogical stations, chemistry laboratories and other 
participating institutes (e.g. QC results). A data base manager will have to 
organize sample identification, tracking, storage and retrieval and arrange 
priorities for special reports to MOPH along with routine processing. 

3.10 Coordination Centre (CCl 

The MOPH/EPD will provide a project director (POl who will be 
responsible for overall management of the entire programme. The PO will 
establish priorities and maintain oversight of all activities. The 
coordinating centre will hold a daily briefing in the morning to review the 
forecast for daily pollution and weather, to review the previous 24-hour 
conditions and to discuss non-routine projects such as special studies. There 
will be 24 hour per day coverage at the coordination centre so emergencies 
during nighttime and holidays are responded to, and to provide communications 
to and from other time zones where collaborators are located. The CC will 
also have a finance/budget officer to keep track of spending and maintain 
records of the expenditures. 

3.11 Data Analysis and Interpretation 

In. the short-term the inflow of data on air quality and meteorology 
needs to be analyzed with the aid of predictive models that can rel~ably 
forecast where pollution maxima will occur in the next 6 to 24 hours. Summary 
reports on pollution extent and possible health impacts (e.g. relation to WHO 
guidelines) need to be prepared on a fixed schedule. These data reports will 
need to be interfaced with the health monitoring project· (see section 4 below). 

3.12 Logistics 

A basic need for any complex .international project is for logistical 
support. There will be a need for planning and coordination of 
transport/vehicles, ordering of parts, supplies and consumables, keeping a 
secure storeroom and inventory, plus typewriters, fax, computers, phones, 
copiers to keep operational. There will be a need to organize visas, tickets, 
customs clearances, mail, shipments, etc. 

3.13 Public Relations (PRl 

A PR officer (PRO) should be assigned as the contact point to keep the 
news media informed of progress and of the general situation. The PRO would 
arrange for visits and tours by government officials and others, and would 
handle press releases. 
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3.14 Public Awareness (PA) 

The PA officer (PAO) would be the official contact to the media and 
emergency authorities to provide forecasts of critical situations on-a daily 
basis. The PAO would also be responsible for discussing the health 
implications of the situation in consultation with th~ medical specialists 
assigned by MOPH. 

4. Requirements for the Study of Health Impacts 

The impact on the health of the people residing close to the oil plume 
sources is causing due concern. A large proportion of the population is still 
outside the country and needs assurance that the situation is quite safe and 
that predictive and preventive measures are planned in case the situation 
changes. The question of the need to evacuate certain areas was discussed and 
although the need didn't arise, and it is hoped that it will not, public 
health is our first concern and all precautions must be taken to assure that 
appropriate measures are in place~ 

4.1 Health Status of Populations 

The short term impact mostly related to particulates and S02 (and to 
a lesser extent N02 and Q,) are of immediate concern. An epidemiological 
study showing the health status of people in relation to the environment and 
the various factors that. influence their exposure and resulting test outcomes 
is needed. Until the carcinogenic potential of the oil smoke plume is 
_established, the longer term possible effects will have to take second 
priority. The investigation should address the selection of a representative 
random sample and/or specially targeted populations, designing questionnaires 
for the local conditions, clinical examinations, pulmonary function tests, the 
taking of blood, urine and sputum samples and other investigations. 

The following sections address the other elements that must be 
considered in the design of the appropriate health studies for our population. 

4.2 Personal Exposures 

In June 1990 before the present disaster, Kuwait joined the WHO/UNEP 
Global Environment Monitoring System (GEMS) Human Exposure Assessment 
Locations (HEAL) programme. Exposure to particulates was suggested as a 
priority because of the wind blown dust problem. Even before the war, Kuwait 
had the highest TSP levels reported to the GEMS/Air system and now the 
particulates due to the oil fire plumes will be added to them. In addition, 
the wind blown dust will now probably have a high organic content adhering to 
it from the crude oil residues contaminating the top soil.· 

The U.S.A. EPA has offered to provide the needed technical support for 
this aspect of the study if funding can be provided. Personal exposures to 
S02 may be added to the particulate studies. A stratified random sample of 
the population living in different areas of Kuwait with different age groups 
would be selected as part of the health study. 

The HEAL protocols used for the exposure portion of this health study 
could_provide better knowledge about the short term (S02l and long term 
(PAH) exposure risks of the populations of the subjects under study so that 
their total exposures to PAHs from possibly contaminated food or water can be 
considered, if they are found to be significant in relation to the air route 
exposures. 
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Assistance will be required for the food sampling and analysis portion 
of this study. Because of the possible dermal exposures from the droplets of 
oil falling out of the pltune clouds~ some measures of the effects of these :~J 
droplets on total exposure will need to included. 

4.3 Quality Assurance 

A quality assurance <QA) protocol needs to be established to cover 
each type of measurement in the studies. There needs to be duplicate sampling 
and replicate analyses on measurements of exposure variables, biological media 
and physiological data. Questionnaire and diary response need to be validated 
and the digitized responses should be checked. A QA officer needs to be 
appointed with responsibility for carrying out the QA protocol. 

4.4 Data Management 

There will need to be a person assigned to manage and coordinate the 
data flow. There will be physiological and exposure data to be associated 
with each subject along with their medical history, questionnaire and diary 
responses. General medical records (admissions) from hospitals and clinics 
need to be entered. 

4.5 Coordination Centre <CCl 

The project manager (PM) from MOPH should be established at the CC 
where overall direction for the project can be maintained. The PM would 
maintain oversight of all project aspects and hold regular meetings with 
medical, exposure, data and record retrieval staff. The CC would handle all 
international contacts and interface with the air quality monitoring project 
director on a regular basis .• 

4.6 Data Analysis 

The data sets obtained in this study need to be examined on a 
continuing basis. Whereas a classical epidemiology study might analyze these 
data after the fact, in this case it may be possible to discover health 
effects associated with the oil smoke now so that prophylaxis can be 
considered and susceptible groups can be. identified andMarned. 
Epidemiologists will need to screen these data for early warning signs in 
susceptible populations. When the oil fires are extinguished and air quality 
returns to the previous regime dominated by wind blown dust, the analyses of 
the overall effects can be performed. However, the wind blown dust may then 
have a high residual oil component bound to it which could present another 
problem. Population data will need to be gathered so that the denominator can 
be estimated for use in incidence rate computations. 

4.7 Hospital records: 

The national recording system was interrupted on the second of August 
1990. The data of the previous years could be retrieved and used as 
background for comparative studies. The recording at Ahmadi hospital started 
from the first of April 1991 and some data will be available soon. The 
records .from the local clinics and regional polyclinics are more difficult to 
use and they may not be of the needed quality. Some polyclinics could be 
selected and the physicians in charge asked to start the recording of their 
diagnoses for a predetermined period. This will give an overall bird's-eye 
view of the situation and the expenses and labor involved would be within the 
existing limitations. 
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4.3 Logistics 

With many institutions participating in the investigation~ a local 
group with the MOH or EPC should be appointed and given the task of looking 
after the visas, travel, accommodations, transport, mail, etc. This is 
usually done as a matter of-routine by EPD, but with the present situation, a 
special group would be given that responsibility. 

4.9 Emergency Response and Warning 

Special risk groups (elderly, asthmatics, bronchitics, etc.) may need 
prior warning of the worsening air quality conditions. The hospital emergency 
rooms at the general hospital should be alerted to the situation of the 
possibility of the plume impacting their catchment areas. The hospitals 
should prepare their own protocols for handling the inflow of cases that are 
suffering due to the air pollution episode. 

4.10 Long Term Follow Up Studies 

There should be consideration for the development of a tracking system 
for long term follow up studies of the exposed populations. Records that show 
development of pulmonary conditions, cancer incidence and other disease data 
will need to be established, pending the results of toxicity and mutagenicity 
testing. 

B. Water Quality Monitoring 

5.1 Drinking Water Supplies 

The programme for monitoring the drinking water quality was completely 
interrupted by the occupation. Basic water quality-parameters will be 
overlooked for the time being. Analyses of ·the residual chlorine shows very 
low concentrations owing to the stagnation of the water in the reservoirs. 
Samples for bacteriological examinations will be collected from the 
residential areas on a weekly basis. Positive faecal coliform will be 
reported to the Ministry of Electricity and Water (MEW) for examination of the 
network for possible sewage intrusion. Examination for bacteriophages for 
indication of viral contamination will be resumed after the technical staff is 
recruited. 

The programme needs the following support: 

a) Four (4) total and faecal coliform field testing kits (about 120 
samples per month will be analyzed) 

b) Four (4) chlorine test kits 

c) Two (2) digital pH meters 

5.2 Coastal and Marine Environmental Monitoring 

The Kuwait Gulf has been exposed to the biggest oil slick in history. 
However. in the past it was chronically impacted, and a monitoring programme 
was established many years ago. The EPD had a large research vessel and 
several ·speed boats for taking samples. The vessels were lost during the 
occupation and the sampling programme was suspended. 
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Samples of the surface film, ·..rater, sediment and biota Hill be 
collected for PAH and trace metal analyses (Ni, V, Hg, Pb) in order to "~ 

determine the impact of the oil t.;ell spills and oil fir:e fallOut on the marine V 
environment. Sulfated PAH species may be used to differentiate between the 
two possible sources. Baseline data on trace metals and PAHs are available 
through the EPC national monitoring programme records as well as through the 
ROPME regional monitoring projects, carried out in cooperation with the IAEA 
Monaco ILMR laboratory. 

Such a study should be a part of an ecological assessment of the 
marine environment with the objective of assessing the impact of the war 
activities. oil spills, well fires and the presence of mines on the marine 
environment, with special emphasis on sensitive populations and systems (i.e. 
coral reefs, oyster beds, tidal flats. marine turtles, mammals and birds). 
The impact on avoidance of mined areas on fishing activities and fishery 
resources could also be incorporated in such a study. 

The equipment needed for running the programme includes the following 
items: 

al Two (2) four-man inflatable rubber boats and engines (Zodiac> 

b) Two (2) sediment grab samplers (Vanweerl 

cl Three (3) sets of diving equipment (Scuba) 

dl Two (2) sea water quality analyzers (salinity range 10 - 50 ppt, 
temperature 0 - 45.Cl 

el Two (2) hand held low speed current meters with recorders 

fl One ( 1 l meteorological station (wind speed and direction. temperature 
and humidity, solar radiation and atmospheric pressure) 

g) One (1) 100 foot shallow draft research vessel (cruising speed to 
14 knots, accommodations for 3 crew and 4 researchers, navigational 
and positional fixing aides, echosounder, sea bed profile scanner, 
current meter, temperature probes 0 to 4o•c, salinity probes up to 
50 ppt, DO, turbidity, water samplers for water quality, trace metals 
and bacteriology, PC. refrigerators and freezers). 

C. Soil, Flora and Fauna Monitoring Needs 

6 .l The desert flora of Kuwait used to suffer from overgrazing, off"-road 
vehicles and quarrying. Now they are facing new problems. The military 
vehicles with their treads probably caused greater harm to the soil surface 
than the passenger cars. Abandoned m~ne fields are a threat that will take 
years to eliminate by clearance, if this can ever truly be completely 
accomplished. The disturbance to the top soil by mine sweeping operations 
will last for decades. 

In the vicinity of the burning oilfields, the chemical properties of 
the soil and its capacity to retain water have probably changed due to its 
contamination by oil. Vegetation is suffering from the deposition of soot and 
the intensive heat generated by the fires. All the trees and shrubs in the 
city of Kuwait were not irrigated during the period of occupation. Water is _--'\ 
not yet available in sufficient quantity to allow normal watering. The dry ~ 

hot summer months are coming, and it is not known whether our plants and trees 
will survive. 
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Little is known about the effects of the war on wildlif9. Sheep~ 
goats and camels grazing in the areas impacted by the burning wells have 
turned black from the falling drops of oil and have started to lose their fur 
and die. Many birds observed flying through the plumes are overcome by heat 
and fumes and fall to the ground. Many other birds have died as a result of 
the oil pollution when they landed in the oil pools (mistaken for water) 
caused by the freely gushing wells. 

The home gardens were a rest place for migrating birds. and the lack 
of water has destroyed this habitat. The farms at Abda11y and Wafra to the 
northwest and south of Kuwait City have been destroyed and abandoned which 
will add to the suffering of the domestic and migrating birds. 

6.2 Monitoring Needs 

The needs to assess the impact on the top soil would include an aerial 
survey to determine the magnitude of the top soil damage and the extent of the 
mine fields in coordination with the military authorities. A survey of the 
vegetative cover and wildlife should be organized. The background information 
on the prewar conditions is available from surveys sponsored by the EPC. FAO 
and non-governmental organizations can provide advice on replanting of new 
species. rehabilitation of the soil and the combat of desertification. 

D. Environmental Awareness Campaign 

7.1 The problems of water supply, waste and sanitation, air pollution. and. 
the presence of mines and other unexploded ordinance should be the focus for a 
vigorous public awareness campaign. The production of posters. booklets. TV 
short films and radio messages by medical staff, military officers. and 
religious leaders should be started immediately. A special short weekly or 

· biweekly TV programme on public safety should be centered around interviews 
·with specialists on mines, mine field clearance operations, and mine victim 
treatment specialists from the casualty wards to impress upon the population 
the seriousness of this impending danger. 

7.2 Equipment Needs 

a) Two (2) video cameras compatible with the national system 

b l Two ( 2 l video sets 

c) Two (2) portable tape recorders 

d) Film (lOO hours) 
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SOz 

200 

250 

sao 

TABLE ! . SUMMARY OF HE.>.I.TH EFFECTS !0!01\'!IJ TO BE ASSOCIATED 
WITH WINTE.~ TYPE SHOO - LEVELS OF 24-HOUR AVERAGE CONCENTR.".TICNS 
OF AIR-POLLUTANT MIJ\"TURES CONT!>.INING SOz Al'lll PARTICUL.ll.TE M.ll.TTER . .J 

ABOVE WHICH SPECIFIC ACUTE EFFECTS ON HUMAN HEALTH ARE EXPECTED ON . 
THE BASIS OF OBSERVATIONS MADE IN EPIDEMIOLOGICAL STUDIES 

Particles (~g/m 3 ) 

200 (gravimetric) 

250 (black smoke) 

500 (black smoke) 

Health effects Overall classification 
of effects 

Small, transient decrements Moderate 
in lung function (FVC, FEV1) 

in children and adults, which 
may last for 2-4 weeks. 
The magnitude of the effect 
is in the order of 2-4% of 
the group mean. 

Increase in respiratory 
morbidity among susceptible 
adults (chronic bronchitis) 
and possibly children. 

Increase in mortality among 
elderly and chronically ill 
people. 

Moderate 

Severe 

Note: Effects on human health are thought to become .severe at leve.ls of 
400 ~g/m3 for both sulfur dioxide and particulate matter •. 
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APPENDIX V 

SAUDI ARABIA AIR MONITORING PROGRAMME ACTION PL&~ 

GULF REGIONAL AIR MONITORING PROGRAMME 

1. INTRODUCTION 

The U.S. Interagency Air Monitoring Team is working with the Saudi 
Arabian Meteorology and Environmental Protection Agency (MEPA) to develop an 
air monitoring plan for the Gulf region that will provide information to 
assess the impact of the fires in Saudi Arabia. This plan is being discussed 
and developed with the King Fahd University of Petroleum and Minerals/Research 
Institute (K.F.U.P.M./R.I./R.I.) in Dhahran. the Cooperation Council for the 
Arab States of the Gulf (GCC), and the Saudi Arabian Oil Company (ARAMCO>. 
The plan is being developed at the request of Dr. Tawfiq, Vice President of 
the Saudi Arabian MEPA. Meetings have been held with officials from all of 
the above mentioned organizations. 

1.1 Approach 

The Team is gathering information on the existing air monitoring 
networks in the region operated by MEPA. Saudi ARAMCO. Kuwait. Bahrain. and 
the Royal Commission of Jubayl and Yunbo. The spatial distribution of the 
existing network in the Region is being reviewed as to the location of sites. 
the air pollutants and meteorological variables that are monitored at each of 
these sites and the quality of existing data. That review is to determine if 
the existing network needs to be expanded in terms of the air pollutants and 

'meteorological variables monitored and additional air monitoring stations to 
determine the impact from the oil fires. Thl! capabilities of the existing 
agencies and governments to deal with a more complete network is also being 
investigated. 

1.2 Objectives of Air Monitoring in the Gulf Region 
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Air monitoring data is needed for the following reasons: 

a. To provide an' Early Warning Health Advisory System for the Gulf 
Region to respond to the air pollution resulting from the Kuwaiti 
oil fires. The proposed Early Warning System could be based on 
an adaptation of the U.S. Air Quality Index. the Pollutant 
Standards Index (PSI), which can be modified to use Saudi air 
quality standards. The index would provide for health advisories 
to the affected populations so they can minimize their exposure 
to high pollution levels .• 
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b. To track the air pollution from the Kuwaiti oilfiel.d fires over ·::] 
time to assess the potential long term health and ecological 
effects. The air monitoring network proposal being de•Teloped is 

·being coordinated with a parallel effort to develop a health 
monitoring informatio~ system. 

c. To collect samples of airborne particles to perform toxicity 
testing and dose response assessment utilizing in-vivo animal 
models. 

d. To facilitate evaluations of models which are use to predict the 
local and regional scale behaviour of the oilfield emissions. 
Data from the expanded GULF REGIONAL AIR MONITORING NETWORK of 
ambient air quality and meteorological data will be important for 
those evaluations. 

2. BACKGROUND 

There are currently 516 oils wells burning in Kuwait, consuming 
approximately five million barrels of crude oil and 70 million m3 of 
associated gases daily. The fires originate in seven oilfields (Figure l), 
located both north and south of the Kuwait City airport. The fires may 
represent one of the greatest manmade environmental disasters in recorded 
history. 

Based on the composition of Kuwaiti crude oil, emissions from the 
burning wells are likely .to include airborne particles. sulfur dioxide formed _·) 
from the combustion of hydrogen sulfide, and oxides of nitrogen. Incomplete ._ 
combustion products include hydrogen sulfide, carbon monoxide, polycyclic 
aromatic and other volatile organic hydrocarbons, and heavy me·tals. Other 
pollutants, including ozone and acid aerosols, such as sulfuric acid, would be 
formed secondarily in the atmosphere. 

Meteorological conditions over the past two months have tended to 
transport the smoke plume toward the southeast, with periodic excursions· 
toward the northeast. March through July are relatively windy months; there 
are normally 30 days of very strong winds from the northwest in this period, 
which produce sandstorms and rapidly ventilate the smoke. August to October. 
the incidence of strong winds should drop sharply. and local conditions will 
likely worsen. 

As summer advances, solar induced convective mixing will increase the 
maximum height or pollutants to levels not yet experienced, perhaps to above 
6 km. It ·is in these situations that the stage will be set for long-distance 
transport of the plume in the upper atmosphere, with associated long-range 
effects. 
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Emissions from the well fires have the potencial of causing both acu"e 
and chronic health effects, although there is considerable urrcertainty as to 
the magnitude of the risk. Thermal damage and poisoning from the chemical 
components of the plume are the two major mechanisms of acute pulmonary 
injury. Prolonged exposure to lower concentration levels of smoke may 
decrease lung function, and increase the incidence of chronic bronchitis and 
lung cancer. Special health concern is focussed on individuals working close 
to the fires, pregnant women, children, the elderly, and those with 
pre-existing respiratory and cardiac diseases. 

The U.S. interagency 
reconnaissance survey of the 
Arabia since 10 March 1991. 

scientific team has been conducting a 
fire plumes and their effects in Kuwait and Saudi 
The Team obtained limited real-time data on the 

smoke emissions·, assessed the existing air pollution monitoring infrastructure 
in the region, and conducted a number of interviews with health officials to 
evaluate the extent of acute respiratory problems related to smoke exposure. 
While only a cursory assessment is possible at this point, some data obtained 
by the Team were encouraging. Large-scale acute human health impacts, for 
example, have not been observed. Nor did limited sampling reveal the 
existence of high concentrations of sulfur dioxide or hydrogen sulfide close 
to the burning wells. The Team has stressed, however, that their observations 
represent only a preliminary assessment and that considerable follow-up will 
be necessary to definitely evaluate the nature and magnitude of the human 
·health, ecological, and atmospheric effects of the smoke problem. 

2.1 Preliminary Investigation of the Existing Monitoring Networks 

The air quality.monitoring sites listed in Table l have been 
identified for each of the Gulf nations that could contribute monitoring 
information within the sphere of influence of airborne effluents from the 
Kuwait oil fires. 

Based upon our review of the existing networks, the principal 
pollutants which are missing are in the Saudi network and in the present 
Kuwaiti network are PM,o, which represents particulate matter with particles 
less than 10 microns in diameter, polycyclic aromatic hydrocarbons CPAHl and 
volatile organic compounds (VOC). With respect to PM,o, these are the 
particles which are most likely to penetrate deeply into the lung. It should 
be noted that Kuwait has collected·particulate data using an Anderson Cascade 
Impactor, with limited size distributions below seven microns within a TSP 
sample. Because of the importance of this particular pollutant and the large 
amount of TSP resulting from the oil fires, the Team is recommending that 
special efforts be initiated to gather PM,o data and if possible to 
determine its constituents - trace metals and hydrocarbons. The PMto data 
collection effort should be supplemented wi.th the collections of PAH samples 
and if possible, grab samples for vee analysis. 
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An ongoing effort is being conducted to examine the analytical ~ 
laboratory support for air monitoring in Kuwait, MEPA, King Fahd U.P.M., and <__) 
Saudi ARAMCO. The Kuwaiti laboratory capability to analyze air and TSP 
samples has been left largely intact. As of 27 March 1991, two of the three 
continuous monitoring stations have been activated and are collecting data. 
The remaining site has its continuous sampling equipment however, like the 
analytical laboratory, is without electrical power. There is no projected 
date for power at these locations. The analytical laboratory has had 
experience with polyurethane foam CPUF) extractions for PAH measurements 
CPS-1 sampler) and has done pesticide extraction and analysis research. The 
most critical need for the laboratory is obviously power to provide the basis 
of future support to the sampling plan. Additional training must be provided 
with documented procedures for these new sampling and analytical procedures, 
and lastly they are in need of a complete set of standards to support 
instrument calibrations for their existing continuous monitors and the new 
proposed technologies. Quality control and quality assurance samples and 
support for the network should be developed within the available laboratories 
but, should be supplemented from an external source. 

TABLE I - The Distribution of Air Pollutant and Meteorological 
Monitoring Sites by Gulf Nation 

Nation 

SAUDI ARABIA 

KUWAIT 

BAHRAIN 

Ql\TAR 

IRAN 

IRAQ 
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Organization 

MEPA 

Saudi ARAMCO 

Royal Commission 
for Jubayl 
& Yunbo 

Number of Air and Meteorological 
Sites 

3 fixed sites- meteorology and air· 
pollution at different locations of the 
same city · 
1 mobile site - meteorology and air 
pollution 
l fixed meteorology site 
8 air quality sites with meteorology 
6 additional meteorology sites 
Cluster of Five Stations in 
Jubayl 

3 sites with continuous monitors 
(2 with power, l without power). 
4 sites with Anderson samplers, high 
vols. and dustfall buckets. (no power) 
l additional TSP site (no power) 
6 additional dustfall sites 
4 temporary so, bubbler sites located 
at 4 hospitals (some power) 

2 site!; 

3 mobile monitoring sites 

unknown 

unknown 
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The analytical laboratory at King Fahd U.P.M. has recen,ly been 
provided the above procedures to permit a self assessment of their equipment 
availability to conduct these detailed analyses. Currently, the K.F.U.P.M. is 
conducting experiments on PAR's analysis of high volume filters as a first 
step in this programme. K.F.U.P.M. has not had any experience with PUF, VOC 
canister analysis, or PM1o sampling and analysis. They can expand their 
current analytical capability to provide support to the proposed network. 

The analytical laboratory of Saudi ARAMCO as with MEPA has had no 
experience in collecting and analyzing PM1o samples, PUF, and canister 
samples for VOC speciation and ~~s. 

In summary, the current level of technical competence within all of 
the facilities visited, MEPA, King Fahd U.P.M., Saudi ARAMCO, and Kuwait, · 
indicates that upon the procurement of additional equipment, standards. and 
training, they all could support the sampling and analysis required for this 
programme. 

A substantial number of meteorological measurement sites exist within 
the eastern province of Saudi Arabia and the nations of the Gulf Region. Most 
of those sites are along the shoreline of the Gulf. ARAMCO operates 14 sites 
with meteorological data. Eight of those sites have collocated air quality 
measurements. Three of those sites are over the Gulf waters on platforms or 
on an island. MEPA (Saudi Arabia) has five sites with collocated air quality 
measurements. In addition, there are surface observations collected at many 
of the airports throughout the Kingdom. Surface meteorological data are being 
collected at other Gulf region locations. Their locations may be identified 
through the WMO publications. Previously, there were other. surface 
measurement sites within Kuwait but their operational status remain unknown at 
this time. · 

Two upper air balloon sounding sites are operating within Saudi Arabia. One 
site is at Dhahran and the other is about 115 miles to the southwest of Kuwait 
City at Al Qaysumah. Twice daily soundings are collected at those locations, 
at 0000 and 1200 GMT. Prior to the war in Kuwait, twice daily upper air 
soundings were made at the Kuwait International Airport. The resumption of 
those soundings could be of substantial benefit to describing the airflow 
across the areas of Kuwaiti oil fires. 

2.2 Meteorological Observations 

The following summarizations are based upon first hand observations of 
the smoke plumes and fires. Those observations were made during overflights 
and during vehicle traverses both within the oilfields and along roads outside 
of the burning oilfields. 

For any given day, the prevailing large-scale meteorological pattern 
will be the main driving feature which determines where the smoke plumes will 
be located and how dense they will be. 
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Individual smoke plumes appear to act in man.'1ers typical of buoyant ;:~ 
plumes from ground level sources or plumes from short chimneys. Plume rise, 
the development of a bent-over plume geometry, etc., seem to apply to the 
individual well-head fires; some have jets of fire and others are nearly 
surface based burnings of the more combustible fractions of crude oil spread 
across the ground in the vicinity of the well. Most of the fire plumes rise 
to between 150 to 300 feet above ground level before becoming mostly bent 
over, although some plumes have a significant amount of smoke remaining within 
a few hundred feet of the ground. 

Collectively, as groups of multiple fires within oilfields with a high 
density of burning wells (particularly Greater Burgan), they assert a 
meteorological influence of their own. It is suggested that the grouping of 
fires with a horizontal diameter of 25 to 40 km provides enough of an intense 
"heat-island" that significant additional vertical rise of the smoke occurs 
inside the area. That additional plume rise lifts smoke to elevations often 
1000, 1200, to 1500 m above ground within the initial few miles downwind. 
Eventually, portions of the smoke rise even more, with multiple layers often 
forming at heights up to 2400, 2700, 3600, to 3900 m. Between such layers and 
at the tops of layers many tens of miles downwind, a generally diffuse and 
homogenous zone of smoke has been observed. The eventual smoke height limits 
are bounded by the regional vertical temperature structure and synoptic 
weather characteristics. Information reviewed to date suggest that those 
maximum heights are mostly 2400 to 3600 m within the initial 150 to 300 km 
downwind from the Kuwaiti oilfield fires. 

With the creation of a local heat-island, a distinct inflow of near 
surface air has been observed within the initial .500 to 1000 feet above ground .. J. 
level. At times, that inflow of wind is estimated to be 5 to 15m/sin· 
st"rength. Smoke plumes at the peripheral bounds of the burn area tend to 
slant inward toward the centre of the burning field instead of pointing 
downwind with direction of the expected ambient wind. 

Local variations in daily wind flow, along with the fire-storm like 
winds, are likely to produce preferred locations and times of day at which 
more concentrated smoke plume exposures reach ground level. · Prevailing winds 
are from the northwest throughout the year. During the daytime a sea breeze 
can be expected to develop at the Gulf shoreline and progress inland as the 
day progresses. That inflow of air can readily clear out the smoke plumes and 
yield substantially cleaner air at ground level on the Gulf side. Along the 
leading edge of the sea breeze front there likely may be a zone of extended 
and elevated exposures to fire effluent. That zone may well extend down the 
shoreline from Kuwait City some 100 km. The area of greatest susceptibility 
appears to be to the southeast of fires in the Al Ahmadi oilfield (part of the 
greater Burgan field). 
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2.3 Data Base Manaaernent 

In addition to evaluating the existing air monitoring networks, the 
Team made an initial review of existing data systems to handle the air 
monitoring data. The previous meteorological. air quality. and visual 
observations of the oilfield fire plumes should be archived, along with data 
to be obtained during the period of on-going Kuwaiti fires. A dedicated 
facility for the performance of that archiving does not appear to exist. The 
data management task is likely to be a sizeable task and extend a period of a 
year and more. 

Some of the general functional needs of the data management system 
include the following. The data which will need to be assembled into the data 
base will likely come from many different sources and exist in diverse formats 
and media. One role of the data base management activity will be to assemble 
all information into a co~T.on, ~~iform structure. The second and equally 
important part of the data archiving is the provision of a uniform and 
consistent mechanism for the retrieval of data by participating agencies. The 
degree to which that data base is well formulated. will significantly affect 
the efforts of users of the data as they attempt to study and interpret the 
measurements. 

A number of possible methods exist for the set-up of a computerized 
data base. Commercial software and hardware of various degrees and complexity 
and cost exist which would satisfy the data management needs •. Before the 
choices of system software and hardware are made. the functionality of the 
overall system and the manners in which users work with the data sets should 
be considered. For example •. it may be required that the data base be a 
"relational" data base. Other sources of software that might be used to 
handle a large volume of data would be the U.S. Environmental Agency's (USEPA) 
Aerometric Information and Retrieval System. That system can handle hourly 
data and has considerable software available to both summarize and analyze the 
ambient air data. 

MEPA has asked the Team to recommend the type of computer and 
associated software needed to manage the data collected in order to implement 
t~e monitoring plan. For now. it is more appropriate to defer specific 
recommendations. A number of general performance characteristics may be 
stated but specific details should be formulated in conjunction with data base 
specialists at a later date. 

3. RECOMMENDATIONS 

While preliminary. the Team qelieves that the following 
recommendations should be implemented based on our initial data gathering 
exercise. A general objective is listed as a recommended goal and below that 
objective are listed several needed items or activities to facilitate the 
achievement of the overall goal. 

RDP 654 



APPENDIX V, p. 8 

RDP 654 

Objective l 

Provide a framework for an early warning advisory capability for areas 
expected to be impacted by effluents from Kuwaiti oilfield fires. 

Needs: 

a. Meteorological data observations and forecasts; 
b. Visual observations from key receptor areas; 
c. Review existing monitoring data; 
d. Calculate smoke trajectories and concentrations. 

Objective 2 

Provide a cursory wide-area indication of the distribution and 
composition of the Kuwaiti oilfield fire effluents. 

Needs: 

a. Establish 15 to 20 PM,o monitoring locations using portable 

b. 

c. 
d. 

e. 
f. 

·monitors; 
Train personnel in the operation of the portable PM,o monitors 
and develop the analytical support capability within Saudi Arabia 
and Kuwait; 
Define the PM1o to TSP ratios; 
Define the composition of the plume by XRF analysis for metals, 
and GC-MS analysis for limited organic identification; 
Establish a central media prepacatio~ and analysis location; 
Define the baseline contribution of the ambient aerosol from the 
surrounding desert. 

Objective 3 

Characterize the aerial smoke plume. 

Needs: 

a. Collect by fixed or rotary winged aircraft many of the same plume 
measurements recommended for the ground monitoring array; 

b. Correct descriptions of the width and vertical extent of the 
smoke plume at several downwind distances; 

c. Characterize the regional background by samples outside of the 
smoke plumes. 

Objective 4 

Develop a more complete profile of the smoke plume constituents 



.) 

. ) 

APPENDIX V, p. 9 

Needs: 

a. Procure equipment for a limited number of comprehensive air 
quality monitoring stations to collect: TSP, PM, •• organic, 
and inorganic constituents; 

b. Establish a limited number of comprehensive air quality 
monitoring stations to collect: TSP, PMto, organic, and 
inorganic constituents. These should be collocated with the 
conti~uous monitors whe~ever possible; 

c. Train individuals to operate and maintain the sampling 
instrumentation in support of the monitoring programme; 

d. Procure the necessary analytical laboratory equipment required 
for analyses of the samples collected under this objective; 

e. Train laboratory personnel in the preparation of the sampling 
media, QA/QC procedures required and the subsequent sample 
analytical procedures~ 

Objective 5 

Determine the need for expansion of the monitoring network to a wider 
regional coverage. 

Needs: 

a. 
b. 

c. 
d. 

e. 

Review the data developed from the limited network; 
Assess the current and projected status of control of the 
oilfield fires and emissions; 
Review the population health survey statistics; 
Review the suitability of the sampling strategy, arid modify where 
needed; 
Expand the limited network as the s.ituation requires, data 
analysis indicates an additional need for data. 

Many of the same considerations listed for air quality above also 
apply to meteorological considerations. 
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'Objective 6 

Provide a meteorological data stream to facilitate the modelling and 
prediction of areas expected to be impacted by effluents from Kuwaiti 
oilfield fires. 

Needs: 

a. Upper air balloon sounding data representative of the Kuwaiti 
oilfield fire area and Gulf region plume transport; 

b. Supplemental surface based measurements of wind speed and 
direction, temperature, moisture content of the air (dew point, 
relative humidity, etc.), solar radiation, atmospheric pressure, 
precipitation • 
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Obj~cti""e 7 

Provide a meteorological data set to investigate the areas of climate 
modifications occurring due to effluents from Kuwaiti oilfield fires. 

Needs: 

a. Supplemental surface based measurements diffuse and direct solar 
radiation; 

b. Special collections of precipitation throughout the region to 
examine the pH and chemistry of the rains; 

c. Aircraft soundings and profiles of smoke, winds and temperatures, 
air quality related measurements of plume compositions and 
concentrations representative of the Kuwaiti oilfield fire area 
and Gulf region transported plumes. 

4. PHASED AIR MONITORING PIJ\N 

This section of the report discusses a prioritized plan of stepwise 
incremental actions for the phased implementation of the recommendations 
discussed above. Five phases for implementing the plan follow. 

4.1 Phase l. Provide a Framework for an Early Warning Advisory 

In order to accomplish this task, the following action items need to 
be initiated or incorporated into the task framework. 
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l. Gather daily weather forecasts to predict meteorological 
conditions which would effect pollution potential in both Saudi 
Arabia and Kuwait; 

2. Use visual observations from key receptor sites to determine 
possible pollution levels; 

3. Gather existing air monitoring data from fixed and mobile sites 
operated by MEPA, Saudi ARAMCO, and the governments of Kuwait and 
Bahrain to develop a data base of existing data; 

4. Establish a daily briefing for representatives of the many 
entities concerned with behaviours and fate of the aerial 
effluents from the oilfield fires in Kuwait; 

5. Develop a daily map depiction of the aerial distribution of the 
smoke plumes across the region using satellite imagery, for each 
day since initiation of the oilfield fires; 

6. Issue a daily general statement about the expected behaviour(s) 
of the oil fire plumes. Areas of potentially adverse conditions 
could be treated as locations for which advisories would be 
issued; 

·.:J 

:J. 
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Provide forecast meteorological conditions across the regior. for 
the next 2 to 3 day period, including the expected location(s) of 
the smoke; 

8. Obtain data from the MEPA network throughout the eastern province; 

9. Direct the crews of the SLAR aircraft (USCG Falcon Jet) to 
continue on a regular basis the present visual observation and 
mapped notations concerning the horizontal extent of the smoke 
plumes and the estimations of altitudes of layer bases and tops; 

10. The above information could be compiled initially in hard copy 
form. Later it should be stored on electronic media in a way 
that an existing PC data management system could readily 
incorporate it. 

4.2 Phase 2. Establish a PM1o Monitoring Network Using Portable PM1o 
Monitors 

Working in conjunction with the Saudi Arabian Meteorology and 
Environmental Protection Agency (MEPA), the proposed plan has been developed 
to collect information on PM,o, which represents particulate matter with 
particles less than 10 microns in diameter. At the present time there is no 
PM,o monitoring in the Gulf region. 
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OBJECTIVES 

The objectives for this effo~t are as follows: 

ll Determine the magnitude or the health threat to residents of· 
population centres and field-based military personnel impacted by 
the oilfield fires and typical sources (windblowq desert soils); 

2) Establish a scientifically based capability to alert these 
affected populations prior to the onset of the potential health 
threats from real-time measurements; · 

3) Establish a technical basis for executing predictive air quality 
dispersion models which simulate the oil well fire emissions, 
background sources, and consequent impacts over space and time; 

4) Establish a regional network of PM1o stations using a 
consistent monitoring methodology across the countries of Saudi 
Arabia, Kuwait, and Baqrain; 

5) Train personnel to operate and analyze the media produced by the 
network from each of the participating countries; 
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6) Develop a r-egional data base and encourage the shar-ing of data 
developed from the network with all participants; 

The above objectives convert the foregoing goals into discrete actions: 

1) Determine the spatial temporal frequency, and severity of the 
impact to the resident populations and military centres affected 
through the application of saturation sampling techniques with 
portable PM,o samplers; 

2) Establish the correlation of real-time surrogate monitoring data 
to data generated from direct sampling methods through the 
collocation and simultaneous operation of both methods over time; 

3) Where possible use impact data collected from samplers as an 
input to the dispersion model, run the model "backwards" to 
develop a better estimate of the emission rates of the fires and 
produce a higher level of confidence in the predictive modelling 
results; 

4) Obtain from the literature and/or develop from source sampling 
analysis chemical profiles of all major pollutant sources in 
order to: 

a) 

b) 

Identify those contaminants that pose the greatest health 
concerns and to develop an estimate of acceptable ambient levels 
CAALs) prior to the conduct of field work, 

identify the ·chemical "signature" of the major contaminants and 
other tracers characteristic of the primary sources, 

c) enable apportionment of these contaminants and other tracers 
compounds from a simple total mass concentration measured by the 
ambient samples, and 

d) attempt.to relate these levels in turn to the surrogate real-time 
monitoring methods for use in issuing timely health risk alerts; 

5) Ensure that the data generated by the network are of a 
demonstrably high quality (precision & accuracy), completeness, 
representativeness, and comparability. 

APPROACH 

Conduct a PM,o saturation sampling study to determine the temporal 
and spatial features of the impact of the oil well fires and attempt to 
reconcile the data with existing model estimates. PM1o mass concentrations 
would be available within 24-48 hours following sampling. No on-site 
meteorological, gas, or aerosol monitoring or chemical analysis is required 
(chemistry could be attempted later on the preserved media). One or more 
portable nephelometers would be collocated at several sampling sites to 
develop correlations between manual and continuous Creal-time) methods for 
alert advisories. 
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A total of 15-20 portable PM,o samplers equipped with quartz filters 
would be run simultaneously on a daily basis or "triggered" (impact forecast) 
basis throughout the study area. Network design would involve a "nested" 
approach to address the objectives: 

ll samplers sited at background locations (not impacted) by the 
smoke plume and samplers in populated areas; 

2) samplers in populated areas impacted by smoke. 

Samplers could be "ganged" (2 or morel and programmed to run 
consecutively at individual sites if filter clogging problems occur because of 
high loading. Further, multiple samplers could be collocated at certain sites 
to collect fine particles (less than 2.5 microns) and coarse particles (2.5-10 
microns) on teflon sample filters (facilitating XRF elemental analysis). One 
of the 10-12 sampling sites would be equipped with duplicate samplers in an 
effort to develop sampling precision estimates. 

This comprehensive programme will yield the following: 

ll short turnaround PM, o concentrations; 

2) gross estimates of the fire-specific contributions to total mass 
could be derived by subtracting background concentrations from 
the impact site concentrations; 

3) ·applying assumptions on the source profiles to po~lutant loading 
attributable to the well fires. estimates of individual target 
compound loadings could be computed and a co~parison to AALs made; 

4) correlations factors can be determined between real-time 
surrogate methods and manual methods. and 

5) impacted sampling media would be available for subsequent 
intensive chemical analysis in an attempt to reconcile assumed 
source signatures and extracts can be used to perform any other 
analytical tests (mutagenicity). Special precautions may be 
needed to preserve the sample integrity during storage and 
transfer. 

Limitations: potentially. no on-site meteorological data to calculate 
emissions rates. no on-site chemistry (unless developed) to confirm critical 
assumptions, and no concurrent gas or acid. aerosol measurements to evaluate or 
correlate with the particulate data •. 

Resources: 1-2 professionals. 1 field technician per site. if it must 
be operated individually (actual number contingent upon. the network logistics 
and potential "clogging11 implications), portable PM 1 o saturation samplers, 
portable nephelometers. lap-top computer. microbalance. expenuables and sundry 
support gear. 

RDP 654 
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In summary, this approach is PM1 o mass data- and assunption-cich 
which must be reconciled with a poor and broad pollutant characterization. 

SAMPLING AND liNAI:.ITICAI. METHODS 

The alternate approaches identified above involve the use of a variety 
of sampling and analytical methods summarized below: 
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Portable PM1o Saturation Samplers 

segregate and capture of filter, particles of 10 micron size 
(respirable particles) and smaller; 
battery-operated, lightweight, rugged, inexpensive, small, and 
quiet; 
easily deployed and operated; 
programmable timer for unattended on and off; 
rechargeable battery packs; 
continuous operation up to 30 hours on a single charge; 

-. precise and accurate; 
low detection limit of approximately 5 ~g/m 3 

sustained operation under high particulate loadings, e.g. 1000 
~g/m 3 or more; 
electronic sample flow regulation; 
electronic sample flow totalizer; 
low flow shutoff/warning; 
can accept a variety of other pollutant sampling media (e.g. PUF, 
DNPH, charcoal, denuders. etc.) or take whole air samples (Tedlar 
bags) with little or no modification. 

Portable Nephelometers 

many of the same attributes of the PM1o saturation sampler; 
battery operated; 
effectively measure particles of 1 micron diameter or smaller; 
continuous reading, storing five minute averages; 
rechargeable; 
continuous operation from 24-48 hours on a single battery charge; 
internal storage for up to nine days of sampling data; 
data download to a portable lap-top computer through RS232 serial 
port; 
operationally equivalent to standard nephelometers. 

Microbalance 

five to six place balance; 
rugged. transportable while precise and accurate. 

Field XRF Unit 

similar MQLS with in-situ laboratory units; 
rugged. 
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Supoort Gear 

calibration and audit gear, tools and diagnostic equipment, etc. 

PROPOSED NETWORK DESIGN 

The recommendation for siting of the portable PM,o samplers is 
predicated on providing a large area of coverage for developing a better 
estimate of the areas impacted by the plume, a cross-sampling of population 
and troop centres, and to provide the opportunity to transfer this technology 
to Saudi Arabia, Kuwait, and Bahrain. 

SAUDI ARABIA 

collocated site at K.F.U.P.M. (2 sites); 
two sites in Riyadh (1 U.S. ~bassy & l MEPA location); 
one site collocated with· one of the Royal Commission for Jubayl 
and Yunbo sites; 
one site Saudi ARAMCO at Tanajib; 
one site MEPA at Khafji. 

Total of seven (7) sites. 

KUWAIT 

three sites (3) located at the two operational continuous 
monitoring sites within Kuwait City (one site collocated); 
one site at Camp Freedom; 
One site U.S. Embassy; 
One site Al-Ahmadi (Kuwait Oil Company Hospital). 

Total of six (6) sites. 

CENT COM 

two sites at selected troop locations. 

Total of two (2) sites. 

BAHRAIN 

one site to be determined. 

Total of one (l) site. 

A total of sixteen samplers are committed to field sampling with the 
remainder as spares or as changes to the sampling plan dictate. 

DATA MANAGEMENT 

The data base created by this special PM,o network could be 
stored and analyzed using existing PC software. 
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4. 3 Phase 3. Characterize the .~erial Plwne. 

This phase should follow closely with Phase 2, in order to 
characterize the 3-dimensional nature of the smoke plumes from the fires in 
Kuwaiti oilfields. To achieve that goal, many of the same plume measurements 
collected by the existing and proposed ground level measurement locations 
should be provided by the aerial sampling platform. Obviously, the longer 
time integrated samples (e.g., 24 hour total values, averages, etc.) cannot be 
reproduced by aircraft borne devices. Short-term and across plume integrated 
measurement descriptions may be obtained to characterize the spatial extent 
and details of actual constituents of the elevated portions of the oil fire 
plumes. 

The aerial sampling activities may be separated into measurements 
which address the three general zones of plume characteristics, from a 
meteorological sense. Those zones are the ll close-in zone, 2) intermediate 
or transition zone ~~d 3) extended or distant zone. Measurements very near 
the wellhead are difficult.to impossible to obtain due to excessive heat and 
great levels of turbulence. Measurements. at intermediate distances will be 
difficult and many locations within the clustered groups of burning wells may 
be unsafe for aeria1 traverses due to the extremely dense smoke.and hidden 
turbulent plumes. Measurements at the longer distances, a few miles downwind 
of the last burning wells, should be possible. Measurements from a few to 
several hundred miles downwind of the fire area should be feasible. Within 
that distance range the approximate concentrations, plume dimensions, and 
estimated mass flux in the downwind directions may be approximated. The 
aerial sampling strategies should concentrate on the obtaining of those types 
of information. 

4.4 Phase 4. Develop a Complete Profile of the Smoke Plume Constituents. 

Obtain additional equipment to expand existing continuous monitoring 
high priority sites in Kuwait and Saudi Arabia· 

The survey conducted by the Team during Phase 1 of this plan indicated 
that within the region, respirable particulate sampling technology, aerosol 
and total particulate sampling and analysis for volatile organic compounds 
CVOCJ, semi-volatile organic compounds CSVOCJ, and PAHs were either not 
available or insufficient to properly characterize the ef~ects of the oil well 
fires on the population centres and the troop concentrations within the region. 

This phase of the plan proposes to bring into the region several new 
technologies and to train personnel within the region to operate samplers, to 
condition, and analyze the several new media necessary to support this 
expanded network. The objective of this process is to develop a stand-along 
capability within each participating country for aerosol and particulate 
monitoring which will support the Gulf regional air quality characterization 
and index plan outlined in Phase V. 

RDP 654 
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During this phase of the plan the Team proposes to expand the . 
continuous air and meteorological monitoring currently being conducted within 
the region at six sites. These sites are recommended based on the need to 
jointly develop the sampling and analytical capability within the region to 
ensure that it becomes self-sufficient and sustainable. The particular 
technologies outlined below are not currently operated within the region nor 
are the analytical procedures required to support them currently being 
utilized. However, the Phase I survey indicates that with sufficient 
training, additional equipment, and some experience with actual field samples 
the transfer should be relatively smooth. 

Initially, the Team's recommendation of six strategically placed sites 
along the axis of the area of greatest impact by the oil well fire plume will 
generate sufficient samples for the ·required training, while also providing 
critical data not currently being collected by the existing networks or 
available through the portable PM1o network proposed in Phase II. As this 
data base develops it can be used to better define the constituents of the 
plume and thus permit a more accurate assessment of the potential long-term 
health risk. 

The equipment listed below should be collocated with the full 
compliment of continuous air and meteorological monitors described in Phase V 
at these six proposed si.tes. "A brief· description of the equipment is provided 
below: 
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TSP High Volume Sampler - used to collect a 24-hour sample of the 
total suspended particles. operated nominally at 50 CFM. and 
typically uses SxlO inch glass fiber or quartz filter media; 

PM1o High Volume Sampler- used to collect a 24-hour sample of 
the 10 micron and smaller sized fraction of the TSP sample 
collected by the TSP sampler above, sampler is typically operated 
at 40 CFM. and utilizes an .SxlO inch Quartz or teflon filter 
media. Note: glass fiber media should not be used if there is 
concetn for a known sulfate artifact formation problem; 

PM1o Manual Dichotomous Sampler - used to collect a 24-hour 
sample of the 10 micron particle size fraction of the TSP. 
sampler operates at 16.7 liters/minute. and utilizes two (2) 37 
mm diameter Teflon filters to collect a fractionated sample with 
a cut point of 0-2.5 micron (fine fraction) and 2.5 - 10 micron 
(coarse fraction); 

VOC Canister Sampler - used to collect up to a 24-hour integrated 
whole air sample in six~liter evacuated stainless steel 
canisters, interior walls are passivated to minimize sample 
degradation. samples volume can be regulated by either limiting 
the volume to ambient pressure or pumping in addition sample to 
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an approximate volume of 16 liters, these samples can be used for- ..---) 
the determination of total hydrocarbons or analyzed for specific --
hydrocarbons, multiple analysis are available from a single 
pressurized canister sample. Note: An extensive canister cleanup 
process is required prior to the collection of additional air 
samples; 

Polyurethane Foam (PUFl Low Volume Sampler - used to collect 
24-hqur aerosol samples utilizing small AC or battery operated 
pumps at flow rates less than five liters per minute on 
relatively small glass cartridges containing a PUF plug, these 
samples can be extracted and analyzed for PAHs, or other SVOCs. 
Note: Both the glass cartridge and PUF plug require an extensive 
cleanup procedure prior to re-use; 

Optional Tenex/Charcoal/XAD-2 tubes - these media can be used 
.with same ty~e of low volume pumps described above·to collect 
additional samples for further definition of the constituents of 
the plume for SVOCs. 

Organic- compounds will be present in all three phase distributions 
(particle bound, SVOC, and VOCl and each phase will have to be sampled and 
then a determination will have made as to importance of each. 

The particle bound phase can be collected for extractible organic 
analysis from both quartz, teflon impregnated glass fiber filters, or teflon. 

The SVOC phase can be collected on PUF and within the canister. The 
VOC phase can be collected with canisters and charcoal tubes. Employment of 
Tenex and XAD-2 sampling-tubes in conjunction with PUF, charcoal tubes, and 
canisters in an overlapping sampling matrix, can be used to confirm of the 
presence or absence of compounds which could be missed by a less complex 
sampling matrix.-

PROPOSED LOCATIONS FOR THE INITIAL SIX EXPANDED SITES 

The Team recommends that the six locations follow the general axis of 
plume drift from Kuwait City south"into Saudi Arabia. It is further suggested 
that the operation of these sites be divided amongst the key network managers 
within the two countries: Kuwait, MEPA, and Saudi ARAMCO. This division of 
responsibility supports the philosophy to jointly develop both the sampling 
and analytical capability within all three entities. 

Kuwaiti Locations 

The Team recommends that two (2) of the sites be located at the 
existing operational continuous monitoring stations located in Kuwait City. A 
third site should be established in Al-Ahmadi at the Kuwaiti Oil Company 
Hospital. This location is situated within 300 - 400 m of several burning 
wells and is adjacent to the closest residential area associated with any of 
the oilfields. 
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Saudia Arabian Locations 

The Team recommends that a site be established at King Fahd University 
of Petroleum and Miners (K.F.U.P.M.) in Dhahran. one site to be collocated 
with Saudi ARAMCO site in Tanajib and the last site should be established by 
MEPA in Khafji. 

4.5 Phase 5. Develop Regional Air Monitoring Network to Track the Impact 
of. the Kuwaiti Oil Fires on the Gulf Region. 

This phase of the proposal will be developed in series of stages. The 
network is directed at long term fixed site monitoring. which will collect a 
battery of both air quality and meteorological data that would satisfy the 
objectives identified in this report. Particular attention will be given to 
providing an early warning system advising the effected public on what 
cautionary steps should be taken to minimize the impact of air pollution on 
health. It is proposed that the early warning system will be modelled after 
the air quality index used in the U.S.A.. The second focus will be directed 
at tracking the air pollution problem over time to be used in determining both 
long term health and ecological impacts due to the Kuwaiti oil fires. The 
data base will provide information to develop key policy decisions which could 
minimize the possible health and ecological impacts. 

RECOMMENDED MEASUREMENT PARAMETERS AT EACH SITE 

The basic plan is for each site within the regional monitoring network 
to consist of the same types of measurement devices. Deviations for that 
general consistency will be addressed on an individual basis. Two general 
categories of information are proposed for every location. Data measurement 
are grouped into either meteorological or air quality categories. 

a. Meteorological variables 

The nominal set of meteorological measurements to be collected at each 
site are the following: 

Wind speed and direction (at 10m); 
Temperature; 
Moisture content a£ the air; 
Dew point. relative humidity. or wet bulb; 
Solar radiation; 
Precipitation (saved for chemical analyses. pH. etc.). 

b. Air quality variables 

The nominal set of air quality measurements to be collected at each 
site are the following. Two general categories of collection needs exist. 
The first set of needs relate to the onset of episodic levels of airborne 
concentrations. In those situations a need may be developing for an early 
warning advisory for downwind population centres. The second set of needs 
relate to the need to monitor for longer term. more subtle risks. 
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Eoisodic/EARLY ll!IRNING measurements Longer term monitorinq 

PM, o (continuous) Acid aerosols 
TSP VOCs 
so, (continuous) Aldehydes 
03 (continuous) BaP, other PAlls 
NOx, NO (continuous) Trace elements 
co (continuous) Fine particles 
H,S (continuous) 

c. Health Monitorin~ Survey 

Air monitoring data collected through the proposed air monitoring 
network will provide basis for interpreting the results of health surveys of 
the populations and ecosystems potentially effected by the effluents from the 
oil fires in Kuwait. The kinds of health data that could be collected include: 

TABLE 2 - Location of existing air meteorology monitoring stations 

NATION ORGANIZATION 

SAUDI ARABIA MEPA 

KUWAIT 

QATAR 
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Saudi ARAMCO 

The Royal Commission 
for Jubyayl and · 
Yunbo 

LOCATION 

Damman 
Hofuf 
Tanagib (Mobile Site) 
Riyadh 

Udhailiyah 
Shedgum 
Abqaiq 
Dhahran 
Tartut 

STAGE 
OF 

IMPLEMENTATION 

1 
2 
1 
1 

3 
3 
3 
2 
2 

Rahimah 2 
Juaymah 1 
Tanajib 1 
Safaniyah Oilfield '3 
(met. only) 
Marjan Oilfield (met. only) 3 
Abusafahs Field (met. only) 2 

Cluster of 5 stations 
in Jubyayl 

Manso ria 
Rabia 
Reg a 

3 mobile units, unknown 
locations 

1 

1 
l 
1 

2 

·.~ 
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Health questionnaires; 
Blood samples; 
Urine samples; 
Hair samples; 
In-vivo animal studies; 
Forced expiratory volumes; 
Other morbidity parameters. 
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Distribution of Proposed and Existing Air Monitoring Sites 

Table 2 lists the location of the existing and proposed air monitoring 
sites, while Table 3 lists the locations of the proposed air monitoring 
sites. In order to complete the network in an orderly manner, it is proposed 
that the network be developed in several stages. The first order of business 
would be to upgrade key existing monitoring locations so that there exist a 
full complement of air and meteorological monitoring equipment, as well as add 
new critical air monitoring sites (Stage 1). The second stage would be to 
establish those sites that would satisfy the minimum requirements for tracking 
the plume caused by the oil fire and to provide ·an early warning system for 
Saudi Arabia, Kuwait, and Bahrain (Stage 2). ·The third and final stage would 
be to complete the final network following a review of the quality and 
quantity of findings to date (Stage 3). 

5. SUMMARY 

The initial measurements made by the Team suggest that there is not an 
imminent threat from SOz and HzS to the urban populations, while 
short-term measurements of particles are frequently high. Historically, this 
region has high particulate levels due to wind blown dust. The particulate 
measurements that were collected by the Team reflect total particles, as 
opposed to respirable particles, that is PM,o. There has not been a 
principal focus in the Region on total particles, PM,a, and organics up to 
now. Therefore, the Team developed the five phased monitoring plan with an 
emphasis on better understanding particulates and the aerosol organics 
associated with the oil fires in Kuwait. Particulates and organics could be a 
source of concern for both health and ecological effects. 

The air monitoring proposals presented in this report represent the 
Team's collective judgement on what needs to be done. Those judgements are 
based upon an on-site evaluation of the situation in Kuwait, discussions with 
officials from the Saudi Arabian MEPA, Kuwait, Saudi ARAMCO, and the King Fahd 
University of Petroleum and Minerals. Needless to say more work is needed 
regarding data management, statistical design, data analysis and quality 
assurance. Because of the complexity and immediacy of this problem, an 
extended time commitment will be needed on the part of all Gulf nation 
agencies to achieve the objectives outlined here. 
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TABLE 3 - Location of proposed air meteorologry monitoring stations 

STAGE 
NATION ORGANIZATION LOCATION OF 

IMPLEMENTATION 

SAUDI ARABIA MEPA Awiyah 3 
Shumlul 2 
Sarrar 2 
Nuayriyah 2 
Lisafah 3 
Hafar al Bat in 1 

28°6 1 N 2 
47"51' E 

28"30' N 1 
48°1 1 E 

28"55' N 1 
47"32' E 

29°7 1 N l 

.) 46"39' E 

KUWAIT Mina Saud 1 
U.S. Embassy l 
Al.Ahmadi (Hospital) l 
International Airport 1 

29"23' N 2 
46"55' E 

29"50' N 2 
47"15' E 

30°4 1 N 2 
47"42' E 

29"33' N 2 
47"50' E 

BAHRAIN Mina Manama 2 
Bahrain University 2 

QATAR Doha 3 

UNITED ARAB l\bu Dhabi 3 
EMIRATES Dubai 3 

OMAN Muscat 3 
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SUMMARY 

It was reponed in the second week of February 1991 that about 200 oil wells were put 
on fire in Wafra, Umm Gudair, Minagesh Burgan, and Romeilla oil fields in Kuwait. 

· These numbers increased to above 600 by February 24 with the addition of more 
wells on frre in Raudhatain, Sabriya, and a large area of Burgan oil-fields. It is 
estimated that approximately 2.5 million barrels of crude oil and 35 million cubic 
meters of associated gases are on frre emitting approximately 20,000 tons of sulfur 
dioxide (S02), 1500 tons of paniculates, 250 tons of carbon monoxide (CO) and 500 
tons of oxiaes of nitrogen (NOx) to the atmosphere on daily basis. In addition to 
these, tons of toxic metais and carcinogenic elements are also being released into the 
atmosphere. 

The abov.e pollutants in high concentration may cause serious health problems. So far 
the measured concentration of these pollutants in major cities in Saudi Arabia have 
been found within the permissible limits as recommended by MEPA. However, 
simulation study shows very high concentration of these pollutants, panicularly S02 
in Kuwait City, Mina a! Saud, Mina a! Ahmadi, and Bubayan and Faylakah islands. 
Depending upon wind direction and wind speed, high concentration of S02 has been 
estimated few times in cities such as Khafji, Safaniyah, and Basrah. Since it may take 
several months to extinguish these wells, it is imponant to understand the impact of 
these pollutants on human health. 

In order to assess. the environmental impact of burning of oil wells, both modelling 
and monitoring programs have been initiated by the Research Institute at King Fahd 
University of Petroleum and Minerals (JG:UPM/RI). The Institute, in addition to its 
own monitoring program, has also been compiling ambient air pollution data from 
various sources such as Saudi ARAMCO, Royal Commission for Jubail and Yanbu, 
and the Meteorology and Environmental Ptotection Administration (MEPA). 

This repon summarizes various activities being conducted by KFUPM/RI in 
collaboration with the Meteorology and Environmental Protection Administration 
(MEPA), US Air Team, Ministry of Health, and Saudi Arabian American Oil 
Company (ARAMCO). 
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INTRODUCTION 

Burning wells in Kuwait are producing large amount of gases such as sulfur dioxide, 

carbon monoxide, hydrogen sulfide, carbon dioxide, and oxides of nitrogen as well 

as particulates containing panially burned hydrocarbons and metals, all of which have 

a potential for affecting human health and vegetation growth. Particularly hannful 

gases are sulfur dioxide and the nitrogen oxides. Photochemical reactions between 

dte nitrogen oxides a.'ld hydrocarbons produce oxidants of seconda.ry pclluta.'lts which 

may also affect vegetation. 

The chronic effects of the air pollutants increase the death rate among the elderly and 

chronically ill people. The moderate effects may cause increase of prevalence of eyes 

and respiratory irritation. Epidemiological data suggests an association between 

increased concentration of so2 and particulate matters. Sulfur dioxide, being a very 

soluble gas, is absorbed in the nose and upper airway while breathing which, in turn, 

. produces increased airway resistance in the lung. High doses of so2 i. e. 2 to 5 ppm 

(5200 to 13,000 micrgram/cum) may cause severe impairment of lung functions. In 

some cases, a healthy person .without any previous history of asthma may develop a 

moderately severe attack of the disease. Chronic cough and mucus secretion may 

result from repeated exposures. 

Of several oxides of nitrogen present in the ambient air, only two are known to affect 

human health. These are nitric oxide and nitrogen dioxide. These oxides, if 

transferred across the lung-blood barrier, can produce inactive forms of hemoglobin. 

It is estimated that eye and nasal irritation will develop after exposure to about 15 

ppm nitrogen dioxide and pulmonary discomfort will commence after brief exposure 

to25 ppm. 

Upol) __ el)tering the respiratory system, carbon monoxide (CO) combines in the lung 

with hemoglobin in the bloodstream to form carboxyhemoglobin (COHb). This 

reduces the capability of hemoglobin to carry oxygen to the body tissue. 

Sulfur dioxide concentration above 0.5 ppm for a maximum exposure time of three 

hours may cause visible injury in most temperate crops. Atmospheric sulfur dioxide 
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can enter leaves and can be absorbed by the roots. Prolonged exposure to high 

con!=eiurations of sulfur dioxide can be lethal to some plants depending upon a variety 

of environmental conditions. Oil burning in Kuwait may cause an increase in 

atmospheric acidity. Photo-oxidation of sulfur dioxide is enhanced by the presence of 

moisture and results in the formation of sulfuric acid. Similarly nitrogen oxides may 

also contribute to acid rain. Should burning of the oil wells in Kuwait continues 

unabated for some time, adverse impacts on regional vegetation may occur. 

Oil burning will release metals in the smoke. High concentrations of some of these 

metals, such as nickel and vanadium, are toxic to both plants and animals. The 

availability of toxic elements to crop plant may increase due to acidification of the 

soils through acid rain. 

The release of huge amount of toxic gases and other oil hydrocarbon compounds into 

the atmosphere as· a result of burning of the Kuwaiti oil wells, may result an adverse 

health hazard if the level of polynuclear aromatic compounds (PAHs) in the 

atmosphere increases. These compounds have both mutagenic and carcinoge";c 

properties. 

This paper summarizes various monitoring and modeling activities to assess the 

impact of the pollutants due to burning of well in the Kuwait oil fields. 

REMOTE SENSING APPLICATION IN IDENTIFYING BURNING OIL 

WELLS 

Tha image processing facilities at KFUPM/RI has bean usad in 
identifying tha locations and number of burning oil walls in the 
Kuwaiti oil fields. l\monq the various oil fields, tha Burgan is tha 
largest ona with more than 600 wells. The average daily production 
rata of each well is approximately 4,000 barrels. The National 
Oceanic and Atmospheric Administration (NOAA) Advanced Very High 
Resolution Radiometer <A VHRRl computer compatible tapes wara received 
from NOAA/NESDIS, USA. These tapes 'were digitally processed at the 
Image Processing Center using the thermal infrared band 3 which is 
designed to record intense he;~.t sources such as volcanoes and fires. 
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The fire at Greater Burgan.increased slightly by January 29. 1991. On 
February 4. 1991. number of fires in Kuwait increased while on 
February 7. 1991. the fires at the Greater Burgan and Unm Gudair oil 
fields increased substantially. Fires reached peak on February 24 
Landsat TM band 6 of February 23. 1991 showed more than 300 walls on 
fire in the Greater Burgan field. 

Based on the information through satellite imagery processing and 
other sources. the number of wells on fire in different oil fields 
with their capacities were estimated about 600. Their locations. 
capacities. and distributions are listed in Table l. Using US EPA 
emission factors for crude oil and associated gases (Ref. ll. the 
total emission of so,. NOx. CO. and particulates were compiled and 
listed in Table 2 • 

. i . •i . . ~ ;. ' . ., ,., I' ... 1.. . ' . .: . . . . ·rye 'tot!Jr,susp.eiJ~~ aitj Ralfi~plates,,~o~~ted in M;~~. :1991 9sin'g high,. yolume 
samplers•·cip. three locatipms·in~th'ei Eastern Province' of Saudi Arabia (i.e.Dhahran, 

T~ajl!l.":~J:'l'itiaynya1) 1 ~~! ~al~zci).; ·for toxic'nidtai c'op.centration ~n~ oil'; 
. I '' ;· . ~ • '·' . . I ' • " I . . ' . ' I • . . : I ' 'I ; • 

hydhx;aibons. including 'some carcinogenic organic compounds. The metils covered 

in' this study were arsenic, cadmium, cobalt, barium, chromium, copper, manganese, 

lead, and titanium while :the organic analysis was conducted mainly for the aliphatic 

hydrocarbons and polynuclear aromatic compounds. Metal concentrations were 

determined using Inductiv~l);' Coupled Argon Plasma Analyzer (ICAP). The 

concentrations of arsenic were determined using hydride generation technique. The 

aliphatic hydrocarbons were anal1zed using a Varian 6000 Gas Chromatograph (GC) 

equipped with FID detector while · the polynuclear aromatic compounds were . . . 
analyzed using HPLC system equipped with UV ~d fluorescence detectors. 

The 'findings, although preliminary : due to limited number · of samples, are 

summarized bela~: 
' . 
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1. Samples collected from Nuariyah, a bordering city near Kuwait, 

contained relatively high concentration of most of the metals. Barium 

zinc, lead, and copper were found high in Dhahran samples. 

2. The analysis showed that all of the air particulate filters were 

contaminated with the aliphatic and polynuclear hydrocarbons. 

Analysis carried out previously on particulate samples collected from 

the same locations showed significantly low concentration of PAHs 
compounds. It is worth mentioning that the levels of 
PAHs found on March 5, 1991 was much higher than those 
found on other dates. 

!he concentration of the total suspended particulates in March on 
24-hour basis was found in the range of 50 microgram/cum to about 300 
microgram/cum in Dhahran area. 

Soil samples were also collected from different locations in March and 
April and were analyzed for nickel and Vanadium. !he concentration of 
metals decreased with an increase in the distance from the border.· 
Kuwaiti crude oil· contains 10 mg/kg and 30 mg/kg of nickel and 
vanadium respectively. Atmospheric fallout from Kuwait· oil fields 

·seem responsible for distance- metal concentration correlation. 

Real time measurements of various pollutants in the ambient air are 
being carried out on continuous basis in Dhahran. Abqaiq, Rahimah. 
Jubail. and !anajib. By analyzing the measured values at these 
locations, no significant impact of the burning of oil wells:in these 
areas has been: observed. _lltheJ:: .pollutants although not. repor.te9- here; 
were much lowe~·!;than tljeir· respective · limits as specified by MEPA. 
!he standard specified by MEPA are listed in !able 3. 
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Short-duration measurements were also carried out by the US EPA and British 

scientific team in Kuwait area and also in the plume. The highest S02 concentration 

reported by these team was less than 2 ppm. MEP A has moved one of its mobile 

laboratories to the bordering Saudi cities for continuous monitoring. 

MODELING ACTIVITIES 

In order to assess the impact of burning of oil wells, the modeling activity has also 

been initiated. A number of available air pollution modelling packages were 

reviewed. The following two types of air pollution modeling packages arc currently 

being used by the Research Instirute: 

1. UNAMAP's RAM Model 

The institute has initiated the application of RAM (a multiple-point and area-source 

algorithm), a software within Users' Network for Applied Modeling (UNAMAP) to 

assess the impact of burning of oil wells in the Kuwaiti oil-fields. This package 

requires surface meteorological data on wind speed and direction, temperature, 

mixing height, and stability classes on hourly basis (Ref. 2-3). 

The estimated concentration of SO, on 1-hourly and 24-hourly basis 
at the selected receptor points Ccitiesl for the same period is listed 
in Table 4. These concentration values are compared with the standard 
specified by MEPA as listed in Table 3. Similar analysis is conducted 
on daily basis and the periodic status report is prepared and 
submitted th MEPA on regular basis. 

2. ARL~A TAD Model 

S02, once released to the atmosphere, is dispersed vertically in the mixing layer. 

Once S02 is completely mixed within the transport layer depth or mixing depth, 

further dilution in the· concentration is due to horizontal dispersion; subsidence of 

···~ 
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clean air into the mixing depth, and removal and transformation processes (Ref. 4). 

The. removal of so2 due to dry deposition on the ground is related to the deposition 

velocity. The processes by which the removal of S02 under wet conditions occur are 

rainout and washout. Rainout is· the absorption of airborne material within a cloud, 

followed by removal in rain. Washout is the removal of rain falling below the cloud 

base. Transformation of S02 to S04 take place during transport and due to dry and 

wetremoval processes. 

The met..'lods of calculating the dispersion of S02 a..TC, therefore, basically dependent 

on the factors such as the decay rate of S02 in dry and wet conditions, the rate of 

transformation of so2 to sulfates, and depth of mixing layer. These factors are 

usually not considered in a short-range steady-state modeling while the long-range 

transport models take into account some of these factors. 

To trace the movement of plume from burning sites on long range basis, and also to 

estimate concentration and deposition of pollutants on regional basis (within and 

outside the Kingdom), we are planning to use another package called Air Resources 

Laboratory, Air Transport and Dispersion Model (ARL- ATAD) (Ref. 5). This model 

plots trajectories of the plume for a long duration originating from a number of 

sources. Each trajectory is calculated using tranSPort winds averaged in a vertical 

layer. Dispersion calculations are also made from these trajectories. The trajectory 

position can be mapped. Tlllle averaged surface air concentration and deposition 

amounts can also be calculated and mapped. 

To !liD this model effectively, upper air data on wind speed, wind direction, 

temperature, and pressure are required on a number of locations at 6-hour interval. In 

the eastern part of Saudi Arabia, upper air data, at present, is collected only at 

Dhahran meteorological station at 00 and 12z. An other station in the northern part is 

Qaisumah where two launches a day are made. Based on the limited data on these two 

stations, it was not possible to use the model to draw trajectories and estimat~ 

concentration and deposition of the pollutants. It was, therefore, decided to retrieve · 

information on upper air data from weather charts available for synoptic, 850 mb, and 

700 mb pressure levels. These weather charts are prepared by the Meteorology and 

Environmental Protection Administration (MEPA) twice a day. MEPA office in 

Dhahran supplies these charts on daily basis. KFUPMJRI personnel have been trained 

by MEPA on how to read these charts and retrieve the desired meteorological 

-7-



APPENDIX VI 

information. Eight locations in the Arabian Gulf region and in the Eastern Kingdom 

have been selected on which the information on wind speed and direction, 

temperature, pressure, and height are retrieved. 

The use of ARL-ATAD.model is demonstrated in Figs. 13 to 16 for a typical day in 

March, 1991 by tracing (a) the movement of smoke from the Kuwaiti oil bliming 

sources in the form of trajectories originating at 00, 06, 12, and 18z, (b) estimating 

the transport layer depth with time for each trajectory, and {c) calculating the 

concentration of so2 at different locations with and without deposition option on 

daily basis, and (d) calculating the average deposition on the surface for a specific 

period. 

CONCLUSIONS AND RECOMMENDATIONS 

In this paper, the activities being conducted by KFUPM/RI in collaboration with 

MEPA, US Air Team, Ministry of Health, and Saudi ARAMCO are summarized to 

assess the impact of pollutants due to burning of oil wells in the Kuwaiti oil fields. 

The preliminary results presented in this report demonstrate the need of such research 

plan to study the behavior of the plume, its movement, decay of the pollutants with 

time, dispersion, and deposition with the '!istance and time. and long-term impact on 

human health and surrounding environment 

The results presented in this report are based on uncertainties in the source input data 

and climatological variables. For the effective use of the model, it is important to 

liave reliable information on the chemistry of the source, burning efficiency, amount 

of oil being burnt from each oil well, and exact number of wells and their locations. 

In order to study the dispersion and deposition characteristics and to validate the 

model, it is equally important to intensify air quality and meteorological network in 

the gulf region. US Air Team has prepared a detailed plan on the intensification and 

the expansion of the Gulf regional air monitoring and meteorological nerwork with 

emphasis on the collection of particulate sampling and development of database .. 

For more reliable prediction of the plume movement, plume rise, and the 

concentration estimates, the boundary layer variables should be estimated reliably. To 
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accomplish this, ARL-ATAD model should be coupled with the planetary boundary 

layer modeL Model should also be integrated with the general circulation model 

applicable in the desert conditions with the sea-bree:ze conditions in the coastal 

region. . 
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Table 1: Data on Oil Fields, Well Capacity, and Associated Gases (based on Februal'y 24, 1991) 
~ 
~ 
8 
H 
>< 

Oil Fields No. of Wells Production Associated Total Oil Total Gas 
< 
H 

Under Fire Capacity of Gas/Barrel Burnt in Burnt in 
each Well in cubic bbls/day million 
in bbls/day meter cubic meter/ 

day 

Wafra (P1) 25 350 14.14 8750 0.124 
Romeilla (P2) 75 4000 14.14 300,000 4.242 
Raudhatain (P3) 50 4000 14.14 200,000 2.828 

I Umrn Gudair (P4) . 50 4000 14.14 200,000 2.828 .... .... Bahrnh (P5) 25 4000 14.14 100,000 1.414 
I 

Mina Gesh (P6) 50 4000 14.14 200,000 2.828 
Burgan (P7) 350 4000 14.14 1,400,000 19.796 

TOTAL .625 2,408,750 34.060 
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Table 2: Total Emission of Gases in Tons/day (based on February 24, 1991) 

Due to Oil Burning 

Due to Burning of 
Associated Gases 

TOTAL 

so2 

21,197 

1,213 

22,410 

co 

241 

11 

252 

u 

NOx Particulates 

60 169 

486 2.7 

546 171.7 

u 

i;; 
"' "' ~ 
H 
>< 
< 
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Table 3. MEPA air quality standards. • 

Averaging Time 

Sultur Dioxide (SO:) 
1 hour 

24 hours 
1 year 

Maximum Concentration 

730 )1g/m3 (028 ppm) 
365 "JLg!m3 (0.14 ppm) 
80 JLg/m3 (0.03 ppm) 

Inhalable Particulates (IP) 
24 hours 340 )1g/m3 

1 year 80 J1glm3 

Photochemical Oxidants {Defined as Ozone, 03) 
1 hour 295 JLg/m3 (0.15 ppm) 

Nitrogen Oxides (Defined a~ Nitrogen Dioxide; NOz) 
1 · hour 660 JLg/m3 (0.35 ppm) 
1 year 100 )1g/m3 (0.05 ppm) 

Carbon Monoxide (CO) 
1 hour 
8 hours 

Hydrogen Sulfide (HlS) 
I hour 

24 hours 

Fluorides (F·) 
30 days 

"Source: MEPA 1402 H 

40 mg/m3 (35 ppm) 
IO my}m1 (9 ppm) 

I95 J.Lg/m3 (O.I4 ppm) 
40 J.Lg/m3 (0.03 ppm) 

I J.Lg/m3 (0.001 ppm) 
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Exceedances 

twice a month 
once a year 
(none) 

once a year 
(none) 

twice a month 

twice a month 
(none) 

twice a month 
twice a month 

twice a month 
once a year 

(none) 
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Table 4~ Simulated Values of SO~ Concentration Using RAM Modei (US EPA) 
(March 22; Hourly Met. Data - Ju ail) 

Name of City/ Highest Time Highest 
Town 1-Hourly 24-Hourly 

(microgram/cum) (microgram/cum) 

Dhahran 3 0900 0 
Jubail 9 0900 0 
Hofnf 4 0900 0 
Riyadh 10 1100 1 
Nariyah 27 0900 1 
Manifa 19 0900 1 
Safaniya 40 0900 2 
Khafji 170 0900 14 
Shed gum 12 0!100 1 
Juraibiya 0 0 
Bakr 0 0 
Jaladi 39 0900 2 
Fadhili 112 0900 5 
Jaham 3. 1100 0 
Khurais 0 0 
AbuJifan 0 0 
MAhmadi 1770* 0500 242 
Kuwait City 203 0900 8 
Basrah 0 0 
Luhais 369* 2400 20 
Zuluf 865 * 0600 77 
Bubyan 1220 0400 101 
Falaykah 306 0100 13 
MinaSaud 2691* 0800 176 
Ma!jan 705 0600 68 
Tanajib 70 0900 3 
Rastanura 0 0 
Abqaiq 22 0900 1 
Sarrar 55 0900 2 
Nita 10 0900 0 
Mulayjah 10 0900 0 
Jararah 12 0900 1 
AlUla 11 0900 0 

:Jbe concentration exceeded MEPA limit of730 microgram/cum. 
The concentration exceeded MEPA limit of 365 microgram/cum. 
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REPORT ON U. K. i\IRCRAr'"T t1EASURE11ENTS IN THE GULF 

The MRF C-130 aircraft, based at Bahrain, arrived on 22 March 1991 and 
departed on 2 i\pril. Seven successful flights were made into the oil plume, 
totalling 55 hours airborne, at a wide range of altitudes and different 
distances from Kuwait. 

From helicopter flights into the middle of the burning oil wells, 
different modes of burning were observed; mostly thick black smoke, others 
white, and a few (presumably only gas) were clean. 

C-130 measurements through the plume at about 100 km from Kuwait 
showed maximum concentrations (about 200 m altitude) of about 1000 ppb of 
SOz; 50 ppb of nitrogen oxides. and nearly 30,000 particles of aerosol 
(0.1-10.0 microns diameter) per cubic centimeter. Ozone concentration is 
generally reduced close to source. Levels of sunlight are reduced to 
essentially zero; night-time lighting was required on the aircraft flight 
deck. 

Filters of teflon or quartz were exposed on long booms wound out from 
the aircraft. and stainless steel bottles were filled with outside air; these 
await analysis in the U.K. 

Further downwind, strong windshear often carries the top of the plume 
away to the northwest, with the remainder typically blowing down the west Gulf 
coast. i\t 100 km from source, the plume top is typically 3-4000 m high, with. 
a base at 1000-1500 m. Here. enhanced levels of ozone are seen, but only up 
to about 80 ppb. 

i\t distances of about 1000 km from Kuwait, aerosol particle 
concentrations were reduced to less than 1000 counts per cc, and only the· very 
smallest particles remain suspended. 

The mission was very successful in fulfilling its objectives, thanks 
in particular to the skill of the RAP air crew and the excellent co-operation 
from the authorities in Bahrain and other Gulf states. 
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SUMMARY OF THE U.S •• i\. INTER-AGEl!!CY SCIENCE PLAN 

PHASE I 

The Phase I exper~mental goals for two research aircraft and their 
auxiliary support from satellite observations, forecasting and plume 
trajectory analysis are, in brief, as follows: 

To characterize the regional emission rates of smoke particles 
and trace gases. 

To measure radiative properties of the smoke particles, and the 
net radiative effects of the plumes, with attention to how 
radiation affects the altitudes of the plumes and the stability 
of the atmosphere. 

To measure characteristics of the smoke particles and determine 
if the particles have a hygroscopic component (or.acquire such a 
component through chemical transformations) that would accelerate 
their removal from the atmosphere. 

To search for direct evidence that the smoke particles are 
scavenged in clouds, and to determine the effects of the smoke on 
the composition and radiative properties of clouds. 

To measure the chemical composition of the plume and determine 
how that composition changes with time. Such measurements will 
aid in developing estimates of the smoke·' s atmospheric residence 
time. 

To study regional weather anomalies associated with these smoke 
emissions. 

The primary tools used to meet these goals are the research aircraft 
of the National Center for Atmospheric Research (Lockheed Electra) and the 
University of Washington (Convair C-131A): 

RDP 654 

The Electra will be extensively equipped to provide smoke aerosol 
characterization. to study aerosol/cloud interactions, to measure· 
(by a combination of in-situ and remote sensing) the regional 
mass flux of aerosols and trace gases, to detail the chemistry of 
the smoke and its alterations with time, and to examine the 
dynamical interactions of solar heating on the plume. With more 
than twice the range of the Convair and a superior service 
ceiling the Electra will devote extra effort to the aged plume 
and Eulerian experiments along great lengths of the plume: 
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The Convair, with a long history of studying large fires, is ~ 

similarly equipped with special strengths in characterization of , / 
the smoke's optical properties, and the plume's spectral albedo. 
The use of grab samplers makes the aircraft especially valuable 
in the characterization of individual sources and in measuring 
specialized emission factors with the carbon balance method. 

P!WlE II 

In Phase II, U.S. scientists will focus on longer term issues and will 
emphasize surface based monitoring, though at some point the programme would 
allow the airborne team to return to revisit issues which remain unresolved. 
Tentatively, the surface stations would focus on radiation balance, optical 
depth, and precipitation chemistry and would include at least one 
precipitation formation over the heat sources, in the smoke downwind and in 
unaffected areas to look for acute meteorological anomalies. Some elements of 
Phase II would be of sufficient duration so that the results of the decay of 
the sources, as fires are extinguished can be observed. This may be 
especially important if weather anomalies are observed that may have 
comparatively low initiation thresholds. · 

An issue of some importance in both Phase I and II studies is the 
monitoring of changes in surface albedo associated with wet and dry deposition 
of the soot. While redistribution and covering of the sooted soil may occur 
rather rapidly, it is easy to see that, given the high insolation and already 
high surface temperatures, a large change in surface albedo could dramatically 
raise the already high surface temperatures. 

Research Goals 

The research goals are: 

a. Regional emission rates of smoke particles and trace gases, 
b. Radiative properties of the smoke particles and smoke plume, 
c. Smoke particle characteristics, 
d. Smoke plume/cloud interactions, 
e. Effects of plume aging; and 
f. Regional weather anomalies. 

Programme Schedule 

The Phase I airborne experiment is scheduled to depart the United 
States on approximately l May, 1991 for a field experiement of roughly 30 days 
duration. Both research aircraft plan to fly about 100 hours devoted to their 
research missions basing either Bahrain or Dhahran, Saudi Arabia. The month 
of May is the soonest the airborne teams can reasonably depart. It is at the 
crucial-meteorological transition to a dry season allowing observations of the 
fate of the smoke under both cloudy and cloud free conditions. Climatological 
modelling of the plume trajectories show that more than 80% of the time the 
plumes will remain in airspace accessible to our aircrafts out to plume travel 
times of 5 days or more. 

The Phase II schedule has not been determined at this time, although 
the aircraft should take samples during the period with the highest 
precipitation probability. 
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U.S.S.R. AIRCRA-~ ?ROGR?.~ FOR THE GULF 

U.S.S.R. AIRCRAFT MEASUREMENTS OF THE GEOGRAPHICAL DISTRIBUIION AND 
CHARACTERISTICS OF POLLUIANTS RESULTING FROM THE OILFIELD FIRES IN THE 
GULF 

Introduction 

Timely and objective information on the characteristics and 
geographical distribution of various combustion products is required. The 
existing observational network in this region has no possibility to get the 
information. 

The first objective is to get experimental data on the physical 
characteristics of the fire products and of their geographical distribution 
using an aircraft-meteorological laboratory IL-18 "Cyclone" (four-engine 
turboprop) . 

Onboard instrumentation of this special aircraft-meteolab allows to 
measure a wide range of parameters including: 

characteristics of aerosols (optical depth, vertical profile and 
spectral distribution); 
gaseous contaminants <CO. COz, CH., ethane, ethylene, 
benzo(a)pyrene); 
solar radiation (incident and reflected); 
thermodynamics (temperature, wind, pressure, dew point); 
remote sensing (IR-temperature of the surface, oil spills). 

The second objective is to analyze experimental data in terms of 
potential influence on the ecology of the particular country. 

The third objective is to get this information to the interested 
countries, their institutions and to international bodies for further analysis 
and consideration. 

1.2 Flight plan 

Some ideas on the possible flight routes are shown on the map of the 
area. Total flight time required goes up to 95 flight hours which takes about 
30 days to fulfill ·(see Figure IX for tentative flight plan). 

1.3 Cost of the project 

The preliminary estimate of project's cost is U.S.$ 600,000. This 
includes: jet fuel, air traffic control, insurance, aircraft service, hotel, 
per diem, etc. A list of Parameters measured by on board equipment of· IL-18 
aircraft meteolab is given in the next table 
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A. CHARACTERISTICS OF AEROSOL 

1. 
2. 
3. 
4. 

Optical depth of the atmosphere 
Vertical profile of aerosol concentration 
Modal size of aerosol particles 
Spectra of aerosol particles 

.B. AIR CONCENTRATIONS 

5. CO, co,, CH4, ethane, ethylene, 
benzo(alpyrene 

C. SOLAR RADIATION 

6. 
7. 

Incident solar radiation 
Reflected solar radiation 

D. TIIERMOD'!ffll\MIC PARAMETERS 

B. Air Temperature· 

9. Dew point 

10. Wind velocity 

11. Pressure 

E. SURFACE DATA 

12. Radiation temperature of surface 

13. Oil spill detection on water surface 

Remarks: 

~2PENDIX IX, p. 3 

Sun spectrometer 
Lidar-polarimeter 
Lidar-polarimeter 
Particle size 
polarimeter 

Sampling of gas 
probes aboard 
followed by 
chromatography 
anal1rs is on the 
ground 

Pyranometer 
Pyranoineter 

Resistance 
thermometer 
Condensation 
hydrometer 
Inertial navigation 

Barometric sensor 

Infrared radiometer 

Lidar-polarimeter 

1. Real-time geographic position of the aircraft and other supporting 
parameters are measured and r·egistered. 

2. Scientific data are registered using IBM PC compatible formats. 
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2. PRCGRA!1ME ON AIRCRl>.FT INVESTIGATIONS INTO THE .>.TMOSPHERE POLLUTION 

2.1 Introduction 

The main measurement objectives are to detect the atmospheric 
pollution level, pollutant emissions. fluxes, spatial distribution, and 
transformation and removal of the atmospheric pollutants from the oilfield 
fires. 

The main pollutants are sulfur dioxide and sulfates, nitrogen oxides 
and nitrates. ozone, benz(a)pyrene, petroleum hydrocarbons, mercury vapour and 
heavy metals. 

2.2 Outline of flight plan 

The way of investigation can be schematized as follows: the emitted 
pollutants are scan.'l.ed by aircraft in various sections at diStances Rl, Rz 
•.• , Rn from the source at heights h,, hz, •••• hn. The maximum 
section height. is selected to be above or equal to the plume height. The 
pollution concentration is measured at each section. The ambient 
concentrations in the plume· at various distances QCR,), QCRz), ... , 
QCRn) are found from the result of aircraft observations in the various 
sections through integration. The function Q = QCR) is determined by QCR,) 
values. 

The emission value Qo is found through the function Q(R) at R = 0. 

,J 

The mean time residence of the pollutant in the plume or (t) is calculated 
from the above function relative to the·distance and wind velocity, where .J 
t = R/V and V the mean wind velocity. Conc.entrations measured at various 
distances and heights CCR,, hJ) make it possible to estimate possible 
maximum concentrations at the ground level C(R,, h, = 0) and their threat 
to human health and environment. The values Qo and ~(t) are the major 
parameters required to provide a reliable estimate of the dispersion of 
pollutants from the oil well fires. The experience gained in the U.S.S.R. 
with the airborne studies demonstrates that not less than 200 flight hours are 
needed to get reliable values of CCR,, Oo) and the parameters Qo and 
~(t) under available fire scales. 100 flight hours are sufficient to 
estimate roughly the characteristics of the dispersion. 

2.3 Additional information 

A detailed theory of the environmental pollution assessments from 
aircraft measurement data is given in Yu. A. Izrael, I.M. Nazarov and 
Sh. D. Fridman's monograph "Air pollutant transboundary transport modelling", 
Leningrad, Hydrometeoizdat, 1987, 303 p. 

The Institute of Global Climate Ecology under Goskomhydromet and the 
U.S.S.R. Academy of Sciences can provide the aircraft operations on the 
condition that the expenditures are paid in hard currency. 
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3. THE AIRC~-r LABORATORY AN-30R 

An aircraft laboratory was designed in the U.S.S.R. on the basis of a 
two-engine aircraft AN-30, to measure atmospheric and surface radioactive and 
chemical pollution. It has been operated on a routine basis since 1984. In 
1987, the aircraft laboratory was used in the international experiment on the 
study of long-range pollutant transport in Czecho-Slovakia. The laboratory 
includes gas analyzers, sampling systems, a gamma spectrometer and a 
dismountable small-size remote-controlled vehicle. 

3.1 Aircraft specifications: 

flight speed 300 to 450 km/hr; 
flight altitude 200 to 7000 m; 
range 2000 km; 
load-carrying capacity 3 tons; 
flight time 5 hours; 
fuel consumption 1 t/hr; 
crew 5 persons; 
number of flight operators 4 persons; 
ground servicing of the aircraft 2 persons. 

3.2 Laboratory equipment specifications 

A. Gas measurements 

Gases are measured with gas analyzers during the flight (see Table 1). 

Table 1 

Pollutant Detection limit Measurement regime 
and technique 

Hydrogen sulfide 2 )lg/m 3 continuous, 
plasma photometry 

Nitrogen oxides 4 )lg/m3 continous, 
chemiluminescence 

Ozone 3 )lg/m 3 UV-absorption 

Mercury vapour w-• )lg/m 3 discrete, atom absorp-
tion with gold sorbent 
for collection 
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B. Aerosol measurements 

Aerosol sampling is performed on special filters using two types of 
samplers. Samples are analyzed at the laboratory. 

Sampling of the first type ensures simultaneous collection of one to 
three samples. The collection filter diameter for single sampling is 120 mrn 
and the air flow rate through the filter is 20m3 /hr. In case of a three 
sample collection filter, the diameter is 50 mm and air flow rate through each 
filter is 6.5 m3 /hr. Filters are changed during the flight. The sampling 
period in the plumes of industrial sources equals to several minutes. At 
background pollution levels the period normally makes up about 30 minutes. 
Table 2 presents the most typical pollutants measured. Detection limits are 
given as a pollutant amount per sample. 

Pollutant 

Sulfate 

Nitrate 

Ammonium 

Benz(a)pyrene 

Petroleum hydrocarbons 

Soot carbon 

HeaVy metals 

Radon decay products 

Detection limit 

3 Jlg 

6 Jlg 

6 Jlg 

l0-4 Jlg . 

10 Jlg 

20 llg 

l0- 3-lo-• Jlg 

0.3 Bq 

Measurement 
technique 

Turbidimetry with 
barium chloride 

Colorimetry 

Colorimetry 

Linear spectra 

Gas chromatography 

Optical IR spectrometry 

Plasma spectrometry, 
atom al>_sorption 

y-ray flight measure
ments 

Second type sample provides collection of two large volume (up to 
1510 3 m3 /hr) samples during a flight. Filters are changed only at the 
ground. 

C. Measurements of the Surface Radioactive Contaminiation 

Measurements are performed by y-ray detection using a dosimeter and 
a semi-conductor gamma spectrometer. 
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D. Small-Size Remote Controlled Vehicle (SRCV) 

The aircraft laboratory AN-30R includes a dismountable miniature 
remote controlled vehicle equipped with a sampling device. SRCV is serviced 
by two operators and transported by a motor. car. SRCV is dedicated to aerosol 
and gas sampling near emission sources, e.g. plant stacks, where aircraft 
laboratory flights are inhibited for safety requirements. 

Main specifications of SRCV: 

maximum mass 6.8 kg; 
payload 1.4 kg; 
wing span 2.3 m; 
length 2 m; 
flight speed 50 to 120 km/hr; 
flight altitude up to 2000 m; 
flight time up to 1.5 hours; 
maximum distance from the operator 3 km; 
air rate through the filter up to 10m3 /hr. 

3.3 Tentative estimate of aircraft operation costs 

According to ·sanitation standards, the crew is allowed to perform 
flights with a total duration of 100 hours (20 5-hour flights) per month. 

The approximate cost of 100 flight hours are: 

l. Aircraft lease- 160,000 rubles which. may be paid by the Institute 
of Global Climate and Ecology, Goscomhydromet/U.S.S.R. Academy of Sciences. 

2. Operation costs in Kuwait (fuel, airfield maintenance, wages. 
hotel expenditures, per diem expenses of the crew and operators) - 150,000 
U.S. dollars. The cost of fuel and airfield maintenance - 75,000 U.S. 

It would be expedient to urge 
free of charge (60,000 U.S. dollars). 
90,000 U.S. dollars. 

RDP 654 

the countries concerned to provide fuel 
In this case the cost would equal to 





) 

J 

i'.PPENDIX X 

REGIONAL ATMOSPHERIC ~!ODELLING RECOM!0lDATIO~lS ~ R:."'VIEH 

RECOMMENDATIONS 

The following material was presented to the meeting R.E. Meyers, and 
endorsed as a recommendation from the experts: 

The rang~ of important regional atmospheric modelling capabilities 
presented to the meeting included both real-time and research meteorological 
and air quality models. There is no single model which is sufficient for the 
accurate characterization and mitigation of the oil fire problem. However, 
there are relevant research and operational modelling capabilities. 

a. On a priority basis near real-time operational models should be 
used in the near term to provide forecasting of meteorology, 
concentrations, dose, and visibility. Both forecast and 
diagnostic models can be used to advantage for health, research 
operations, placement of sensors, and tactical decisions. 

b. Because the problem is likely to continue for more than a year, 
it is prudent to upgrade modelling capabilities as improved 
.models, modules, and scientific formulations become available. 

Since unique modelling capabilities are spread over many scientists 
and institutions, it is necessary that several modelling capabilities be 
developed, both for real-time and research, and that these efforts be 
coordinated. Expertise should be drawn from the widest possible circle. 

The oil fires produce effects interrelated on many scales (micro, 
local, regional, and global) and it is recommended that multi-scale models be 
developed which incorporate high resolution source, chemistry, transport and 
diffusion, deposition, heat, and complex terrain modules. 

RDP 654 

The following enhancements to the models were discussed: 

a. Surface boundary layer (sbll parameterization throughout the 
diurnal_ cycle, 

b. Improved flux relations of heat, moisture, momentum, energy, and 
chemical speciesr 

c. Influences of complex terrain on sbl, 

d. Influences of oil fires on sbl and entire atmospheric boundary 
layer, 
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e. A better coupling of fire modelling and rne~eorological modelling 
whereby fires affect the meteorology and qice versa, 

f. Improvement in numerical methods which allow solution of the 
model equation on multiple scales, including development of 
adaptive grids, moving grids, nesting, and mixed eulerian and 
lagrangian numerical modelling capabilities to solve· the 
Navier-Stokes Equations efficiently and with high accuracy, 

g. Major emphasis should be placed on solving the Navier-Stokes 
equations in as detailed and systematic a manner as is possible 
for the multi-scale problem, 

h. Improved closures must be made in the turbulence terms of the 
Navier-Stokes equation (the lessons learned from Large Eddy 
Simulations and Direct Simulations of the atmosphere must be 
brought to bear on the oil fire-atmospheric problem), 

i. Improved deposition, both dry and wet: 

l. Dry deposition better gas/aerosol interaction with the 
turbulence and surface, 

2. Wet deposition - better cloud/rain interaction models, 

j. Better chemistry modules which more closely represent the 
heterogeneous and homogeneous chemical reactions in the oil, 
combustion, and atmospheric chemicals, 

k. The technology from ~egional and urban air pollution models, such 
as those used in the Los Angeles area, must be adapted to the oil 
fire-atmospheric problem, 

1. Because a large portion of the Kuwait oil fire affected region 
involves coastal zones, it is important to model the effects of 
land-sea interfaces in the models, 

m. Models should be tested against combined sets of air quality and 
meteorolog~cal data in the Kuwait-Gulf area, 

n. The oil fire plumes can themselves be used in ~erifying mesoscale 
models, and 

o. The electromagnetic radiation interaction with the oil fire 
pollution should be measured and modelled in detail. 

Improvements are also needed in the characterization and modelling of 
atmospheric transport and diffusion. To aid in this, safe tracers such as 
SF6, which are non-reactive and conservative, should be used in field 
experiments to characterize plume growth rates under different conditions. 
Comparisons should be made with ambient chemicals available in the smoke plume 
which are subject to deposition and chemical reaction. 
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REVIEW 

The following are summaries of the regional models discussed at the 
meeting. The presenter and affiliation are also listed. 

1. <DLRl Institute for Atmospheric Physics. Federal Republic of Germany 
Presented by: U. Schumann 

2. 

3. 

RDP 654 

The modelling effort here employed non-hydrostatic solutions of the 
Navier-Stokes Equation <MESOSCOPl over a 30 x ·30 x 12 km domain for 
oil fire meteorology and air pollution (see Fig. X.l). The model can 
be enhanced in resolution and domain coverage as more computer 
resources are applied. The modelling effort employed meteorological 
and source terms estimated to be representative of the Kuwait oil fire 
problem. The methodology is based on first principles and would be 
appropriate for nesting in larger scale models. 

Building and Fire Research Laboratory. NIST, U.S.A. 
Presented by: H. Baum 

NIST has developed advanced fire modelling capabilities. Individual 
fires and ensemble of fires have been modelled. Detailed fire plume 
models allow calculation of some of the ef'fects "of the fires on the 
surrounding meteorology and of the meteorological effects on the 
fires. The presenter argues persuasively for integrated 
meteorological and fire models. The presenter also reviewed 
verification of NIST fire models and indicates field measurement 
capabilities of NIST which can be implemented to provide key source 
information and for model verfication. 

TASC, Reading. Massachusetts. U.S.A. 
. Presented by: R.Chase and A. Bass 

TASC has developed and has been using operationally a near realtime 
meteorological and air pollution impact assessment models using 
in-house and government (U.S.l support. These are tied together in an 
integrated interactive modelling capability. Starting from a detailed 
and updated source database TASC computes the downwind concentration. 
dose. and deposition from their dispersion model (see Fig. X.2). The 

·dispersion and transport model gets its meteorology from a spectral 
global circulation model and can run from historical analyses or model 
forecasts. An improved plume model is included to represent the oil 
fire effects. as is a chemical reaction simulation. Detailed 
concentration. dose. and deposition fields can be graphically 
displayed as computer and hardcopy color images. TASC has begun 
comparisons of its model output. with satellite visualizations of oil 
fire plumes and general agreement is found. TASC intends to continue 
developing its capabilities to include more detailed diffusion. 
transport. chemistry and meteorology. 
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5. 

Lawrence Livermore National Labora-:.o:-y, U.S.~~

Presented by: T. Sullivan 
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The 1\tmospheric Release 1\dvisory Capability (1\Ri\Cl which has been used 
as an essential tool in mitigating atmospheric hazards (particularly 
nuclear ones) has been applied to model optical density in the larger 
Kuwait area. The capability provides near-real-time assessments of 
concentrations. dose. and deposition. and employs a diagnostic 
meteorological model (MI\THEWl to add physical constraints such as 
complex terrain influences to the Air Force Global Weather Control 
forecasts and analyses (see Figure X.3l. Concentration, dosage. and 
deposition are included in the analyses. Improved plume rise 
modelling has been included in the 1\Ri\C models. Dispersion is 
calculated by second generation particle-in-cell methods. The 
presenter recommends use of 1\Ri\C capabilities for Kuwait oil fire 
operations. 

ARL (NOAA) U.S.I\. 
Presented by: J. Heffter 

ARL produces operational forecasts of tajectories in the 850-700 mb 
height range of 36 to 72 hours after Z time (see Figs. X.4-X.6). 
These forecasts can be made available around the world. Trajectories 
are integrated from NOAA meteorological forecast and analysis 
products. The ARL trajectory capability has been developed. tested. 
and utilized over many years. ARL is also investigating the use of 
more detailed mesoscale meteorological models such as the CSO-RAMS 
model (R. Pielke). NOAA is looking toward implementing a full 
capability real-time hazard· assessment and forecast capability in the 
near future using advanced computers and communications technology. 
NOAA is already supporting and will continue to support operations in 
the Kuwait area with its modelling tools. 

6. Meteorologie Nationals. France 
Presented by: F. Bompay 
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Two main numerical weather models are currently in operation: 
Emeraude, a global model. and Peridot. a limited area model. During 
the Gulf war, Peridot was applied to Kuwait and used its forecasts 
operationally. The model has a 40 x 40 km resolution. A Eulerian 
model of atmospheric dispersion was developed (MEDIA). It can use 
input data from Emeraude or Peridot and yield an operational survey of 
the pollution in Kuwait after some changes. It may be considered to 
implement it in its operational system of the French weather service 
so that it can provide daily outputs (of air concentration. cumulative 
deposition. etc.) models. starting in October. 
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7. Meteorological Office~ U.K. 
Presented by: F.B. Smith 
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A 3-0 Monte Carlo model has been used to simulate the transport of the 
plume and to assess dry and wet deposition, surface layer 
time-integrated concentrations, and episodes of highly acidic rain 
likely to be damaging to crops (see Figure X.7). The model plume is 
compared with a subjectively analyzed meteosat visible plume picture. 

8. Max Planck Institute fur Chemie, Federal Republic of Germany 
Presented by: G. Carmichael 

9. 
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Two models could be applied to the Gulf region. Both are eulerian 
transport/chemistry/deposition models designed for analysis of air 
quality on an event basis. 

The Local Scale Model (~~LGRID) is an urban~scale air pollution model 
designed for California Air Resources Board. It covers spatial scale 
up to 300x300 kmz, with a grid resolution of 2-5 km. This "system" 
contains a model to prepare meteorological fields from observations, 
or hydrostatic meteorological model, and a transport/chemistry/dry 
deposition model. It calculates 3-0 distribution of SOz, sulfate, 
VOCs, NO., ozone for events for a few days. 

The Regional Scale Model (STEM-II) covers spatial domains up to 4000 x 
4000 kmz, with horizontal resolution of 20 to 80 km. It calculates 
3-D distributions of SOz, sulfate, CO, VOCs, NO., ozone for events 
for days .to weeks and includes dry and wet deposition, and size 
resolved aerosols (dust and inorganic, but can easily add soot). 

Cologne University, Federal Republic of Germany 
Presented by: H.J. Jakobs 

A regional scale numerical model, EURAO (European Acid Deposition 
Modell may be used for episodic case studies during the burning. The 
model is described by Hass et al. (1990), it is a eulerian model, 
which calculates the transport, chemical transformation and deposition 
of atmospheric pollutants. It was designed for case studies of high 
pollution events over the European region (Hass et al., 1990 and Ebel 
et al., 1991). Although EURAO runs for European applications it can 
easily be transformed to other regions of the world like the Middle 
East. Besides soot (5-10% of the burning oil) the main atmospheric 
pollutants like SOz and NOx are emitted. EURAO is able to 
calculate not only the transport but also the chemical transformation 
and the dry and wet deposition of these constituents. 

In the first phase it is planned to prepare the meteorological fields 
for several episodes in March - May 1991. Typical weather situations 
are selected for the case studies with the EURAO Model (including 
frontal passages for the assessment of the wet deposition). An 
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appropt"iate emission sc·enario must be developed for this EUR.\D 
application, neglecting in the first step the backgound emissions. 
because this information is difficult to incorporate in a short time 
period. When the simulation experiments are conducted, the results 
have to be compared and validated with measurements (satellite, 
aircraft and surface observations). 

Ebel A •• Hass H •• Jakobs H. J •• Memmesheimer M •• Laube M., Oberreuter 
A., Geiss H. and Kuo Y. H., Simulation of Oxone Intrusion caused by a 
Tropopaus Fold and Cut-Qff Row. Atmospheric Environment.in press. 1991. 

Hass H., Memmesheimer M .• Geiss H., Jakobs H.J., Laube M. , and Ebel 
A., Simulation of the Chernobyl Radioactive Cloud over Europe using 
the EURAD Model, Atmospheric Environment, 24A. 673-692, 1990. 

Royal Netherlands Meteorological Institute CKNMI) 
Presented by: G. Verver 

The Royal Netherlands Meteorological Institute and collaborating 
scientists developed and validated with good results a real-time puff 
dispersion model for application to emergency situations. The model 
has a two layer boundary layer structure plus one "reservoir layer" 
aloft. Puffs. nominally released every hour. are transported by 
winds, and split to resolve wind shear. A grid is also used to 
resolve larger pollution patterns. The model calculates deposition, 
concentrations. and total column values. It uses meteorology and 
atmospheric boundary layer information from the European ECMWF 
prognostic model. The model can be run against archived 
meteorological data or can produce·forecasts. Research to improve the 
atmospheric boundary layer formulation is underway. The model is 
operational both in forecast and analysis mode (see Figure X.Bl. 

U.S. Army Atmospheric Sciences Laboratory, U.S.A. 
Presented by: R.E. Meyers 

The U.S. Army Atmospheric Sciences Laboratory CASL) has developed the 
Model of Atmospheric Chemical Hazards (MACH) which is a real-time 
interactive modelling-computer system which calculates downwind 
chemical hazards. This modelling capability predicts downwind 
concentrations, doses, and deposition over complex terrain including 
the Kuwait and greater Gulf region. The model reconstructs or 
forecasts wind flows and resulting pollution fields using mesoscale 
prognostic and diagnostic models, and advanced transport, diffusion 
air chemistry modules. The model and computer system are available 
for technology transfer. 

Additional related research at ASL includes mesoscale modelling, Large 
Eddy Simulation modelling and gas and aersol flow modelling over 
complex terrain and complex structures (including dense, neutral, and 
buoyant gases and aerosols). ASL has a large number of unique 
research resources which can be brought to bear on the Kuwait oil 
fires problem including: 



Fig. X.7. <18 hr loncullo 12GMT 23rd 
Feb lHl of the Kuwait oil·fire plume 
m.&de uiAs: the U.K. Met Office Ions 
raap ciilpenionmodel. Thit •howl the 
1pread. oi matcri&l (a) in the bounduy 
layer, (b) between 1500 ud 3000 m, 
(c) between 3000 and <1000 m u•um
inc a coatinuoua re!eue commencins at 
12GMT 2llt Feb. Thi1lor«ut may be 
comparecl witb. aa. u&.ly•i• of the corre
•poad.i.as Meteol&t im&fle at that time 
in (d), iA which UOII•hatchcd, hatched 
ud •tippled •h&dias subjectift.iy rep
raaat hiP,, moderate ud low optical 
thic:b. .. rapectinly. ( Browa.ins et &1, 
NGturr 31hh May 1991, No 6325). ---= 

Fig. x.a. Total column so2 mass (mqfm2) for sunday 28 

April 1991, based on a forecast made on 25 April 1991 

by the Dutch operational dispersion model. 
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(a) multi-scale field data for- verl.:I:l.Cat-'-on of :nodels {pr-oject r~If-JD-) 
{b) aerosol, gas~ and high resolution optical-spectrographic sensing 

equipment 
(c) mesoscale modelling verification capabilities 
(d) automated meteorological sensing equipment 

U:S. Department of Defense 
Presented by: R.E. Meyers 

The US Department of Defense (DOD) is coordinating, via Defense 
Nuclear Agency, a large number of research and operational efforts in 
support of mitigating the adverse effects of the Kuwait oil fires. 
These effort utilized not only DOD resources, but also those of other 
agencies such as the National Science Foundation (NSF) and NCAR. 
Research is underway or has been proposed in the following areas: 
meteorology upwind of fire site; chemical analysis of raw oil and 
gas; oil~ gas~ water expulsion rate from well; fire structure; 
photographic records of plume; flame temperatures; combustion 
chemistry; physics of smoke production; smoke yield based on carbon 
balance; sulfur dioxide gas concentrations; carbonyl sulfide gas 
concentration; hydrogen sulfide gas concentration; trace gas 
chemistry (SOz, NO, NO., NOy. H:Oz, 0,); organic fraction 
of smoke; fire effects on close-in meteorology; chemical analysis of 
effluent gases in plume and at numerous ranges downwind; smoke 
physical parameters in plume and at numerous ranges downwind (particle 
morphology, mass density, particle size distribution, optical indicies 
of smoke particles); aerosol chemistry; aerosol particulate carbon 
fraction, aerosol size distribution, aerosol morphology, 
size-fractionalized particulate matter; smoke particulate constituent 
concentrations <CO, COz, PAN).; meteorology downwind of fire size 
(temp., relative humidity. winds, position); transport/diffusion of 
smoke and gases (regional and global scales); smoke buoyancy due to 
solar absorption; smoke and cloud track and dimensions; .agglomerate 
structure, primary sphere size; cloud nucleation activity; cloud 
droplet size distribution; prompt/late-time scavenging (particle 
attachment. agglomeration, sedimentation); effect of atmospheric 
moisture on scavenging; z:oclin chemistry/pr-ecipitation s-cavenging; 
interaction of smoke with dust; effects of cloud seeding; light 
extinction. IR scattering, absorption, single scatter albedo; 
optical depth, plume spectral emission profiles; plume radiation 
map; solar radiation flux; bulk effects of smoke on solar radiation, 
visible light. IR transmission, photon attenuation, loss of contrast 
for imaging; ozone parameters; settled particulate matter. mass. and 
conductivity; analysis of material settled on ground (effect on 
target appearance, effects on biological systems); rate of 
contamination and clogging of air filters; corrosive films on 
electronic equipment; rate of corrosion and contamination of 
electrical equipment; organic trace elements in precipitation; rate 
of degradation of historic artifacts (both outdoors and within 
museums); flame extinction during blowout; high speed photography of 
fl@me suppression. 
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Further proposals for research related to the oil fires can be sent to: 

or 

Dr. Mohammud Owais 
Technical Manager, Radiat:lon Policy Div. 
Defense Nuclear Agency 
6801 Telegraph Rd. 
Alexandria, Virginia 22310-3398 
U.S.A. 

Dr. David Auton 
Chief Radiation Policy Div., DNA 
6801 Telegraph Rd. 
Alexandria, Virginia 22310-3398 
U.S.A. 

Additional information can be obtained from: 

Ronald E. Meyers, Physicist 
U.S. Army Atmospheric Sciences Laboratory 
White Sands Missile Range 
New Mexico, 88002 
U.S.A. 
Telephone i: 505-678-4037 

Lawrence Livermore National Lab., U.S.A. 
Presented by J. Penner 

The· estimated soot emissions from Kuwait are fully two-third of the 
total world-wide emissions and represent the largest contributor of 
soot within the regions. The source rate from Kuwait (spread over a 5 
degree by 5 degree zone) would equal almost 15,000 kg/km 2 /yr. 

The source of sulfur from the Kuwait fires may also be estimated to be 
2.5 x 10 10 gS/d. This is 10-15% of the total sulfur emissions in 
the latitude band between 20 to 35°N. 

The sources of soot and sulfur from Kuwait· fires were input into the 
LLNL global climate/chemistry model (c.f. Penner et al. l99lbl. It 
uses the winds and precipitation fields from the National Center for 
Atmospheric Research (NCAR) Community Climate Model (version CCMll 
with an resolution of approximately 4.5° latitude by 7.5° 
longitude. The model also assumed a 6-day a-folding lifetime for 
conversion of S02 to S04 to simulate aqueous conversion 
processes. Each species in the model may experience deposition if 
parcels are in the lowest 100 mb. Soot, SOz, and S04 were also 
scavenged by precipitation and rates proportional to the rate of 
precipitation in the model. The scavenging coefficients were set to 
2.5 em·', 2.5 9m-' and 1.0 em·', respectively. 
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The monthly averaged surface concentrations for soot (in ng/m 3
} for 

March is showri in Figure X.9. In March, high winds carry soot as far 
east as Mauna Loa. This is particularly interesting in view of the 
recent tentative identification of soot at Mauna Loa from the Kuwait 
fires (R. Schnell. private communication. 1991). The.soot emissions 
are retained closer to the source in July. but average concentrations 
of more than 100 ng/m3 are experienced throughout the Indian 
subcontinent and parts of southwest Asia. This concentration contour 
also encompasses much of northeast Africa and extends northward to the 
Black Sea. Much of this region will experience a doubling of the 
concentration of soot as a result of the fires. Figures X.lO and X.ll 
show the column abundance of soot from the oil fires in July and from 
the ambient fossil fuel calculations for July, respectively. These 
figures may be approximately converted to absorption optical depth by 
multiplying by a factor of 10. In Figure X.lO, there is a column 
abundance of up to 0.05 gm-• centered over Kuwait. A large region. 
extending from the middle of Africa to southwest Asia experiences 
column abundances of more than 0.001 gm-•. These column abundances 
for soot may be compared to the abundances calculated for the ambient 
fossil fuel scenario. These are shown in Figure X.ll. The 0.001 
gm-• contour interval in this case extends over much of Europe. 
northwest Africa. Saudi Arabia. and to eastern Asia. Two areas, over 
eastern Europe and China, experience column abundances of 0. 005 
gm-•. The Kuwait fires appear to be capable of increasing the 
optical depths from soot by at least a factor of two over a large area · 
surrounding the source region. 

Contour intervals of the predicted monthly averaged surface 
concentrations of SO~ (in pptl for July are shown in Figure 
X.l2. SO~ is widely spread and covers much of India and parts of 
southeast Asia. This is due to the several days time required to form 
SO~ from so, in the model and the slower rate of removal. 

Most of the H,S is confined to the local region •. although 
concentrations as high as 10 ppt reach out towards India in the east, 
towards northeast Africa in the west, up to the Black Sea in the north 
and to Saudi Arabia in the south. 

The potential emissions of soot from the Kuwait oil fires are large 
relative to the global emissions of this substance. The spread of 
soot may reach as far as Mauna Loa in some seasons. In other seasons. 
the loading of soot within a large area centered about the fires may 
more· than double. This soot will certainly have regional implications 
for climate. but its global-consequences should be investigated. The 
smoke could either warm the climate or cool it. depending on its 
altitude in the atmosphere and on whether it is thermally coupled or 



Fig. X.l3. (top) Estimated change in solar heating due to soot in the lower 
atmoephere (W/mz). 

Fig. X.l4. (bottom) The correspcnding change of the ground temperature (K) 
for July •. 
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decoupled from the surface (Ghan and Penner, 1991). Enhancements to 
existing monitoring stations throughout the region should be pursued 
in order to quantify the amount and spread of the soot. 

The sulfur emissions from the fires are a large source relative to 
other sources in the area. The monitoring of SO, and so: 
throughout the region could help quantify the spread of this pollutant 
as well. 

Ghan, S.J. and J.E; Penner, "The effects of smoke on climate." 
Encyclopedia of Earth System Science, in press, 1991. 

Novakov, T .. J.E. Penner, and H. Eddleman, "An inventory for global 
soot emissions from fossil fuel combustion," presented at the 4th 
International Conference on Carbonaceous Aerosols in the Atmosphere. 
Vienna. Austra. April 3-5. 1991. 

Penner. J.E., S.J. Ghan and J.J. Walton. "The role of biomass burning 
in the budget and cycle of carbonaceous soot aerosols and their 
climate impact." in Global Biomass Burning: Atmospheric. Climatic. 
and Biospheric Impolications. J. Levine. Ed., in press, MIT Press, 
Cambridge MA l99la. 

Penner, J.E., C.S. Atherton, J. 
Hameed. "Tropospheric nitrogen: 
distributions, and deposition," 

Dignan, S.J. Ghan, J.J. Walton. and s .. 
A Three-dimensional study of sources, 

J. Geophys. Res., 96 959-990, 199lb. 

.Walton. J.J., M.C. MacCracken and S.J. Ghan, "A global scale 
Lagrangian trace species model of transport, transformation, and 
removal processes. J. Geophys. Res., 93, 8339-9354, 1988. 

14. Atmospheric Environment Service, Canada 
Presented by J.P. Blanchet 

RDP 654 

The effects of smoke on the local and regional meteorological 
conditions and short-term climate perturbations has been 
investigated. The concentration of soot in the smoke cloud is 
evaluated assuming steady state between a constant injection rate and 
a prescribed removal rate. An "e-folding time" of 5-10 days is 
assumed to account for removal processes from the volume by dry and 
wet deposition as well as advection. Soot concentration depends only 
on the volume of atmosphere being filled. This approach is a gross 
simplification of the actual situation. 

The Canadian Climate Centre General Circulation Model (CCC/GCM) with a 
spectral resolution of T32 wavenumbers is used together with a l-0 
radiative convective photochemical model (RCPM). The l-0 RCPM 
evaluate~ "static" solutions for equilibrium surface temperature and 
.the corresponding radiative forcing. There is a broad agreement 
between the 1-0 and GCM for the surface temperature versus optical 



.) 

Fiq. X.lS. (top) Chanqes in surface pressure (mb) for July. 

Fiq. X.l6. (bottom) Chanqes in monsoon precipitation (lo"5 kqm"2s"1). The ·~ 
same area aa in Fiq. X.lS is shown. 
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depth at most scales. Only on small scales, near the source, smoke 
produces surface cooling due to reduced insolation. The large 
coolings reflect large optical depths. At regional scale and above, 
and for soot located in the lower troposphere. the effects on 
temperature change to warming. This is mostly due to relative 
increase of the long-wave atmospheric radiation. The magnitude is 
particularly sensitive to the height of the smoke layer. 

Secondly, the GCM is used for a seven month simulation (Janua~J-July) 
with the intention of investigating the links between smoke 
concentration. radiation and heat budgets, surface and air 
temperatures, snow melt. and eventually monsoon activity. In this 
experiment, smoke is restricted to the 700-900 mb layers of the GCM. 
The maximum optical depth is reduced to about 2 over Kuwait and 
decreases with volume extending eastward from the source. Figure X.l3 
shows mostly solar heating due to soot in the lower atmosphere. It is 
also a good indicator of the smoke distribution in this model run. 
Figure X.l4 shows the corresponding change of ground temperature for 
July. In the Kuwait area, the model produces cooling of the order of 
5-10 degrees centigrade. Downwind from the source, warming around 2 
degrees are obtained. Beyond 1000 km downwind from Kuwait. natural 
variability dominates and nothing can be inferred from this short 
run. It is important ·to note that those temperature changes are 
larger than actually expected due to the assumed large optical 
depths. This experiment is not a forecast of the actual situation but 
a means to investigate the relationships between smoke and 
meteorological parameters. It also indicates a trend and provides a 
scale for assessment purposes. Figure X.l5 shows the corresponding 
change of surface pressure in July. With warming east of Kuwait, a 
relative thermal low is formed. Figure X.l6 shows increases in 
monsoon precipitation over India due to increased convection and moist 
flow in low levels. Figures X.l3-X.l6 illustrate potential links 
between oil fire smoke and meteorological parameters. Those results 
are very preliminary and need to be extended and fully diagnosed 
before drawing final conclusions. A substantial amount of soot is 
being deposited on the snow surface. It is also a concern that the 
snow reflectivity would be altered by black carbon. Even a minute 
amount of soot increases considerably the amount of solar energy 
absorbed by the surface. We stress the need for monitorlng 
large-scale background soot concentration, particles, size 
distribution. and smoke optical properties for the evaluation of 
short-term climate and environmental changes. 

Max PLanck Institute for Meteorology. Federal Republic of Germany 
Presented by H. Graf 

Model calculations have been carried out with a global circulation 
model (T21). It was assumed that present emissions continued during a 
year. Two different scenarios were taken for ·the wave length 
dependence of the radiation absorption cross sections. Results 
obtained pertain to changes in net surface solar radiation, surface 
temperature and precipitation in different months. (Some examples are 
given in Figs. X.l7, X.l8). 
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A significant coo-ling of about 4°C was computed for the sununer over 
the Gulf region <=500 X sao kmz). On a global scale 
non-significant changes were predicted. Due to the relatively short 
residence time of the soot, it is expected that soon after the 
extinction of the fires, effects. if any, will disappear. A 
significant weakening of the Indian summer monsoon was estimated to be 
unlikely. 
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AN AIRCRAFT MONITORING STRATE~! 

Aircraft should give priority to the following measurements: 

a. Source strength and characterization of soot including 
characterization of particles size, shape and composition which will affect 
lifetime, optical properties and effects. 

i) Source strength (for individual oilfields and total emissions> 
using, where possible, all four methods (integral of mass, lidar 
backscatter, measurement of optical thickness, and comparison of 
observed and predicted) used in combination. Flights should be 
coordinated with ground-hased observations as well as lidar ana 
satellite measurements. 

ii) Characterisation of particles including PAH measurements (chronic 
health hazard), organic carbon/black carbon ratio in particles, 
trace elements, size spectrum, and morphology. 

b. Wind and concentration field in near to medium distances (up to 200 
kms) of SOz NO., 03, particles mass and characterization, optical 
density, VOC's, HCHO, CO, COz. 

c. Evolution of plume chemistry at long distances downwind (greater than 
200 km) of SOz, S04 aerosol, NO., NOy, N03 aerosol, VOC's, 03, 
optical density, particle mass and characterization. For such measurements a 
local based station will be needed for grab sample. analysis. 

d. Temporal variation of source strength, as above, as fires are put out. 

The coordination of aircraft flights should proceed as follows: 

a. A sequence of aircraft flights should be made covering each month with 
some overlap, where possible, for intercomparison of measurements. 

b. WMO should assist in arranging the-coordination of aircraft activities 
through national focal points. 

c. WMO should assist aircraft teams to obtain access to national air 
space in the region. 

d. Local support for aircraft teams in the Gulf area is essential._ The 
meeting recommended that WMO maintain information on the appropriate contacts 
in the area throughout the observational period. 

RDP 654 
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e. Assistance is needed in providing aircraft teams with model forecasts 
for flight campaigns. These forecasts should cover a variety of timescales. 

f. The WMO should assist in the distribution of flight data as it bec~mes 
available, recognizing that some data need processing at national facilities. 
Wide distribution of flight data will assist in the planning of subsequent 
aircraft activities and provide test data for model evaluation. 

g. The WMO should assist, within the next few months, in the organization 
of at least one workshop to compare and discuss aircraft results. 

h. The experts noted that the U.K., U.S.A. and German airplane measuring 
programmes were bilateral in character. While recognizing the need for urgent 
measurements, the meeting urged these programmes and future aircraft 
monitoring programmes to be structured under the framework of the WMO project. 

i. The list of planned measurement campaigns is not complete ~~d because 
all relevant data are highly useful, further campaigns (aircraft and 
otherwise) at later dates are encouraged. 

The status of plans for aircraft monitoring identified at meeting is 
summarized in the Table: 

Status of Aircraft Plans, 30 April 1991 

Number ·Country Organization Period Duration Funding Meeting Contact 

l U.K. U.K. Meteoro- March/April 2 weeks Done Smith 
logical Office 

2 U.S.A. NCAR mid-May 3 weeks Available Baumgardner 
University of mid-May 3 weeks Available Hobbs* 
Washington 

1 Germany Umwelt Bundes- · May/June 2 weeks Available Sartorius 
amt 

2 U.S.S.R. State Committee Unknown 50 hours Partial Tsaturov 
for Hydrometeo-
ro1ogy 
Institute of 100 to Partial Nazarov 
Global Climate 10 July 91 200 hours 
and Ecology 
Central Aerolo- 20 June 91 100 to Partial 
gical Observa- 150 hours 
tory 

2 Germany DLR June, July, 2-3 weeks Partial Schumann 
August 

1 U.S.A. Pac.NW Labs July, 4 weeks Unknown Hales* 
August 

* Not present at the meeting 
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Collaborative work in association with the aircraft oroaramme is 
necessary: 

a. Field measurements and laboratory studies associated with source 
characterizations should commence as soon as possible. 

b. Near-field modelling of individual plumes is important for the 
aircraft programme. Attendant to this, a micro-network of meteorological 
field monitoring stations is needed in addition to those already planned or in 
place for other purposes. These should include precipitation and dry 
deposition sampling. 

c. Collaborative laboratory studies between atmospheric fire scientists 
and aerosol chemists are needed to expand understanding of critical 
carbonaceous aerosols including formation, chemistry, characterization, and 
aerod~~mic properties. 

The following items require immediate consideration: 

a.· The WMO aircraft coordinator should contact UNEP and appropriate 
officials within Kuwait immediately to coordinate establishment within Kuwait 
of a focal point for coordination and logistical support of personnel and 
projects involved in the implementation of the aircraft operations. 

b. Funding for provision of logistical support for field projects, 
especially aspects of the aircraft programme, must be provided to WMO by 
participants either directly or through the U.N. Interagency Fund (through 
UNEPl, 

c. All data collected by parties to this programme, particularly in the 
region, should be made available to all parties through WMO, in a timely 
manner, in view of the multiple uses for the data and the urgency of the 
matter. 

d. A very high priority needs to be placed on the re-establishment of 
capabilities in Kuwait for collection of source and local meteorological data. 

e. In view of the continuing critical importance of accurate source term 
data. it is essential that efforts be implemented immediately and provision'be 
made for continuing updates and dissemination of data. 

For determination of the amount of soot released per time unit. the 
mass-flux is required. It was therefore recommended measuring: 

a. The mean wind field across the plume by aircraft and sondes, 

b. The extent and relative concentration field within the total plume. 
(These can be obtained by Lidar measurements from, for example, the. German 
Falcon by flying across the plume's cross-section at altitude above the plume 
(about 5 kml at a distance from Kuwait where the optical depth is smali enough 
to get signals from the ground). 

RDP 654 
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c. In-situ measurements of soot concentration at approximately the same (J 
time and at least one flight level within the plume, 

d. Total sulfur concentration by probes, 

e. Increase in water vapour within the plume. (The German aircraft 
proposes to try DIAL measurements. However, it was noted that the increase in 
water vapour may be too small to be detected.) 

The following possibilities were considered for flight patterns: 

a. vertical profiles near the source (30 to 80 km), 

b. vertical cross-sections along main plume axis at distances from 30 km 
to 300 km and 

c. vertical cross-sections at large distances from the sources (up to at 
least 1000 km). (This measurement has high priority because of its importance 
for global modelling). 

RDP 654 
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Phased Air Monitoring Plan 

Phase I. Provide a Framework for an Ea~rly 
Warning Advisory 

Phase II. Establish a PM10 1\(lonitoi'ing Ne'lwork 

Phase Ill. Characterize the Aerial Plume 

Phase IV. Devel.op a More Complete Profile of 
the Smoke Plume Constituents 

Phase V.. Develop a Gulf Regional Air Monitoring 
Network to Track the Impact of the Plume 

0 0 

/ 

0 
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Phase I. 
Provide a Framework 

for an Early Warning Advisory 

• Gather Daily Weather Forecasts to Predict Meteorological 
Conditions 

• Use Visual Observations 

• Gather Existing Air Monitoring Data from Fixed and Mobile 
Sites Operated by Saudi MEPA, Saudi ARA.MCO, and the 
Governments of Kuwait and Bahrain 

u 
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Phase I. 
Provide a Framework 

for an Early Warning Advisory 
(continued) 

• Establish a Daily Briefing 

• Develop a Daily Map Depiction of the Aerial 
Distribution of the Smoke Plumes 

• Issue a Daily General Statement about the Expected 
Behavior(s) of the Oil Fire Plumes 

0 

/ 

u 
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Phase II. 
Establish a PM10 Monitoring Network 

Using Portable PM10 Monitors 

• Working in Conjunction with the Sa~di Arabian 
Meteorology and Environmental P~otectio111 Agency 
(MEPA), the Proposed Plan Has Been Developed to Collect 
Information on PM10, Which Represents Particulate Matter 
with Particles Less Than 10 Microns in Diameter (at the 
present time there is little or no PM10 monitoring in the Gulf 
Region) 

u 
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Phase II. 
Establish a PM10 Monitoring Network 

Using Portable PM10 Monitors 
(continued) · · 

• Conduct a PM10 Saturation Sampling Study to 
Determine the Temporal and Spatial Features of the 
Impact of the Oil Well Fires and Attempt to 
Reconcile the Data with Existing Model Estimates 

• Total·of 15-20 Portable PM10 Samplers !Equipped 
with Quartz Filters Would Be Run Simultaneously 
on a Daily Basis 
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Phase II . 
. Establish a PM10 Monitoring Network 

Using Portable PM10 Monitors 
(continued) 

• The Recommendation for Siting of the Portable PM10 

Samplers is Predicated on Providing a Large Area of 
Coverage for Developing a Better Estimate of the 
Areas Impacted by the Plume, a Cross-Sampling of 
Population Centers, and to Provide the Oppo-rtunity 
to Transfer this Technology to Saudi Arabia, Kuwait, 
andBahmin · 

u 
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Phase Ill. 
Characterize the Aerial Plume 

• To Achieve This Goal, Many of the Same Plume 
Measurements Collected by the Existing and Proposed 
Ground Level Measurement Locations Should Be Provided 
by the Aerial Sampling Platform 

• The Aerial Sampling Activities May Be Separated into 
Measurements Which Address the Three General Zones of 
Plume Characteristics, from a Meteorological Sense 

• Close-In Zone 

• Intermediate of Transition Zone 

• Extended or Distant Zone 

u 0 
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Phase IV. 
Develop a Complete Profile 

of the Smoke Plume Constituents 

• Obtain Additional Equipment to Expand Existing Continuous 
Monitoring High Priority Sites in Kuwait and Saudi Arabia 

u 

• The Survey Conducted by the Team During Phase I of Th~s Plan· 
Indicated That within the Region, Respirable Particulate 
Sampling Technology, Aerosol and Total Particulate Sampling 
and Analysis for Volatile O~ganic Compounds (VOC), Semi
Volatile Organic Compounds (SVOC), and PAIHs Were Either Not 
Available or Insufficient to Properly Characterize the Effects of 
the Oil Well Fires on the Population Centers and the Troop 
Concentrations within the Region 
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Phase IV. 
Develop a Complete Profile 

of the Smoke Plume Constituents 
(continued) 

• The Plan Proposes to Expand the Cc•ntinuous 
Air and Meteorological Monitoring Currently 
Being Conducted within the Region at Six Sites · 

() 0 
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Phase IV. 
Proposed Monitoring Equipment 

• TSP High Volume Sampler 

• PM10 High Volume Sampler 

• PM10 Dichotomous Sampler 

• VOC Canister Sampler 

• Polyurethane Foam (PUF) Low Volume Sampler 

• Optional Tenax/Charcoai/XAD-2 Tubes 



Phase V. 
Develop Regional Air Monitoring Network 

. to Track the Impact of the Kuwait Oil Fires 
on the G~lf Region 

• This Phase of the Proposal Will Be Developed in Series of Stagers 

• The Network is Directed at Long Term Fixed Site Monitoring, 
Which Will Collect a Battery of Both Air Quality and 
Meteorological Data · 

• Particular Attention Will Be Given to Providing an Early Warning 
System Advising the Effected Public on What Cautionary Steps 
Should Be Taken to Minimize the Impact of Air Pollution on 
Health 

u -\ u u 
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Phase V. 
· Develop ·Regional Air Monitoring Network 
to Track the Impact of the Kuwait Oil Fires 

on the Gulf Region 
(continued) 

• Recommended Measurement Parametersi at Each Site 

• Meteorological Variables 

• Wind Speed and Direction 

• Temperature· 

• Moisture Content of the Air 

• Dew Point, Relative Humidity. 

• Solar Radiation 

• Precipitation 

• Air Quality Variables 

u 
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·Phase V. 
Develop Regional Air Monitoring Network 
to Track the lmpact.of the Kuwait Oil Fires. 

on the Gulf Region 
. (conti_nued) 

Episodic/Early 
Warning Measurements 

PM10 (continuous) 
TSP 
so2 (continuous) 
0 3 (continuous) 
NOx, NO (continuous) 
CO (continuous) 
H2S (continuous) 

0 

Longer Term 
Monitoring 

Acid Aerosols 
VOCs 
Aldehydes 
B[a]P, Other PAHs 
Trace Elements 
Fine Particulates 

0 
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Phase V. 
Develop Regional Air Monitoring Network 
to Track the Impact of the Kuwait Oil Fires 

on the Gulf Region 
(continued) 

• Health Monitoring Survey 
• Health Questionnaires 
• Blood Samples 

• Urine Samples 

• Hair Samples 
• In Vivo Animal Studies 
• Forced Expiratory Volumes 

• Other Morbidity Parameters 

u 



' 

G 

Phase V. 
Develop Regional Air Monitoring Network 
to Track the Impact of the Kuwait Oil Fires 

on the Gulf Region 
(continued) · 

• Distribution of Existing and New Sites Air Monitoring Sites 

Locations Existing I New Sites 

Saudi MEPA 4 10 
Saudi ARAMCO 11 0 
Kuwait 3 8 
Bahrain 0 2 
Other Locations 8 I 4 

u 0 
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I. SUMMARY 

KUWAIT OIL FIRES 
INTERAGENCY INTERIM REPORT 

More than 500 oil well, storage tank and refinery, and facility fires are currently raging in Kuwait and 
each day produce an enormous amount of smoke and other pollutants. The quantity and character of 
the smoke plumes are not yet certain, and the fires are expected to continue for some period. The 
fires originate in seven oil fields, located both north and south of Kuwait City, with the majority 
centered in the AI Burgan oil field south of the Kuwait City airport. The fires may represent one of the 
most extraordinary manmade environmental disasters in recorded history. 

In response to this situation, the Saudi Government requested U.S. technical assistance on the public 
health and environmental impact of the fires. The U.S. Embassy in Saudi Arabia concurred in this 
request, and voiced its additional concerns about the health effects of the fires on the hundreds of 
thousands of U.S. troops in the region as well as the thousands of American citizens residing in Saudi 
Arabia and the other Gulf countries. Similar concerns were also expressed in Kuwait. An Interagency 
Air Assessment Team consisting of representatives from the Environmental Protection Agency, the 
National Oceanic and Atmospheric Adm-inistration, and the Department of Health and Human Services 
was formed and deployed to the Persian Gulf area. In country, this team was supplemented by 
representatives of the United States Coast Guard, the Department of Defense, and the Department of 
Energy. 

The specific mission of the team was to assess the conditions through air sampling and monitoring in 
oil fields and other areas to determine the effect on public health; to review the health infrastructure; 
to determine the capability of the region to deal with the health threat through air monitoring and 
appropriate corrective action; to provide technical assistance; and to consider appropriate follow-up 
action. 

Meteorological conditions over the past two months have tended to transport the smoke plume toward 
the southeast, with periodic excursions toward the northeast. March through July are relatively windy 
months; there are normally 30 days of very strong winds from the northwest in this period, which· 
produce sandstorms and rapidly ventilate the smoke. From August to October, the incidence of strong 
winds should drop sharply. The plume is generally below about 12,000 feet. As the summer 
progresses, it is possible that the height of the plume will increase and that it will then be evident to 
greater distances. 

Er1;ssions from oil fires may have the potential of causing health effects of both an acute and chronic 
nature, ·although there is considerable uncertainty as to the extent of the threat. Chemicals· such as 
sulfur dioxide and hydrogen sulfide as well as carbon monoxide and polycyclic aromatic hydrocarbons 
are often found along with particulate matter in oil fires. While only a limited assessment is possible 
at this time, the Team did not detect such chemicals in any significant quantity; also, preliminary 
analysis of the substantial amount of particulate matter did not reveal any chemicals at levels of 
concern. Additional testing is needed to better define if other toxic materials may be associated with 
the high levels of particulates found. 

The host nation governments also provided the Team with an abundance of preexisting air monitoring 
information covering the past several years in Saudi Arabia, Kuwait, and Bahrain. These data provide 
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a useful baseline on limited parameters for comparing the conditions that exist and may evolve during 
the next several months. The Team concurred with the Saudi Government's view that the considerable 
Saudi public and private sector competence in air monitoring would need to be supplemented with 
support and technical assistance. This situation is even more acute in Kuwait City due to the lack of 
power and to the disruption of the governmental and scientific infrastructure. The Team considered 
it of critical importance that additional technical assistance be made available to the countries, if 
requested. 

There is need to consider the overall problem from several perspectives so as to ensure economy as 
well as success. First, because high levels of particulates were. found in the air, and prolonged 
exposure to particulate matter may contribute to respiratory discomfort and perhaps long-term or 
permanent respiratory disorder, it will be necessary to find out what is in the plume and how it varies 
over time and distance. Second, we should assess the immediate and long-term human health risk. 
Third, we should quantify effects on the environment, especially on crops and climate. 

II. TEAM'S ACTIVITIES AND FINDINGS 

With the assistance of the Saudi and Kuwaiti Governments, the U.S. Interagency Air Assessment Team 
has been conducting a reconnaissance survey of the fire plumes and their effects in Kuwait and Saudi 
Arabia since March 10, 1991. The primary objective of the Team was to obtain preliminary, short-term 
data on the emissions from the smoke emanating from the oil well fires at a variety of locations, in 
.order to: 

1. 

2. 

3. 

4. 

Determine if there is an acute health threat associated with the Hydrogen Sulfide (H 2Sl 
and Sulfur Dioxide (S02) and particulates, three pollutants that might be emitted from 
burning oil wells; 

Identify and quantify the gaseous and particulate byproducts being produced from the 
burning oil wells; and 

Determine if the materials associated with these fires are affecting areas where 
American -citizens are located. 

Assess the potential extent of the health effects related to the emissions from the fires 
and the status of the Kuwaiti and Saudi health infrastructure. 

Based on these objectives, limited, real-time data was obtained directly from the Kuwait oil fields, as 
well as from Kuwait and Saudi Arabia locations where embassy officials, troops, and citizens work and 
reside. Additionally, the Team conducted a number of interviews with health officials to evaluate the 
extent of acute respiratory problems related to smoke exposure. While only a cursory assessment is 
possible at this point, some data obtained by the team were encouraging. The preliminary findings are 
as follows: 

1 . Limited sampling did not reveal the existence of high concentrations of sulfur dioxide 
or hydrogen sulfide near the burning wells or in population areas in the path of the oil 
well emissions; · 

2. High levels of particulate were found in the air; 
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3. The results of the current monitoring iindings and health interviews with medical 
personnel in the affected areas suggest that at the present time susceptible 
subpopulations, such as individuals with asthma and chronic obstructive lung disease, 
may experience exacerbation of their symptoms. Special health concerns, warnings, 
advisories, and precautions are clearly warranted for these individuals. This situation 
does not appear to be life threatening under current exposure conditions but, if 
meteorological conditions change, i.e., poor air mixing or plume touchdown, there 
could be adverse health effects for these susceptible individuals; and, 

4. The long-term effects on health are not readily ascertainable at this time due to 
insufficient data on the populations exposed, the composition of the smoke plume, the 
impact of oil pools, and long-term meteorological patterns. Both the Kuwaiti and Saudi 
health communities have expressed great interest in obtaining training and support 
from the US medical community that can be continued by themselves in future years. 
Aggravating the problem is the severe damage done to the scientific infrastructure of 
Kuwait thus limiting the current in-country analytic capabilities. Any response by the 
US wouid have to include both training and equipment. 

The Team has stressed, however, that their observations represent only a preliminary assessment and 
that considerable follow-up will be necessary to evaluate definitively the nature and magnitude of the 
human health, ecological, and atmospheric effects of the oil fires. Such follow-up activities will need 
to be carefully coordinated with the governments in the region as well as with other governments and 
international organizations, such as WMO, WHO, and UNEP, which are seeking to assist in evaluating 
the situation. 

Ill. PROPOSED PROGRAM 

The local populations are being exposed to an increased health risk, the magnitude of which cannot 
be estimated with any degree of certainty without further measurements and surveys. The extent to 
which conditions may worsen needs to be understood and a forecast capability developed. Without 
such measurements and assessment, and development of a predictive capability, the regional. 
population remains exposed to an uncertain risk, and reconstruction of the area may be impeded. 
Moreover, without such input, an accurate and defensible quantification of environmental effects will. 
not be possible .. 

In addition to providing direct answers to questions regarding the effects of the smoke plumes on the 
atmospheric environment, intensive studies of the plumes will accelerate progress in understanding 
manmade effects on regional and global air quality, meteorology, and climate. Because the expected 
changes in air chemistry, solar radiation, and cloud microstructure are so large, observations of these 
processes could circumvent the need for many years of study directed at much lesser phenomena. 

The program proposed below is comprised of three primary elements: human health surveillance and 
risk assessment, air monitoring, and development of a forecast capability. These elements will be 
closely linked to achieve the goals of understanding and predicting the degree of human health risk and 
the effects on atmospheric processes. 
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C) 1. Air Monitoring 

The objective of the air monitoring program is to collect the necessary data to determine the nature 
and concentration of pollutants associated with the fires, and demonstrate the recovery of the 
environment as the fires are extinguished. 

The development and deployment of an integrated monitoring network will serve several interrelated 
purposes. It will assure data consistency throughout the region. It will provide better data to assess 
the immediate. health risk and potential for long term risks. It will be used to initiate, test, and refine 
forecast models discussed later in this plan, and thus greatly assist in the development of location and 
condition specific alerts •• assisting in issuing special advisories for populations at risk under unique 
conditions. Lastly, it will provide a better basis for scientific understanding and knowledge of the 
important regional and international issues and will assist in assessing possible extended consequences 
of the fires. 

The U.S. Interagency Air Assessment Team is working with the Saudi Arabian Meteorology and 
Environmental Protection Agency (MEl' A), Saudi ARAMCO, and King Fahd University of Petroleum and 
Minerals to develop an air monitoring plan for the Gulf Region that will provide the air monitoring data 
to assess the impact of the Kuwaiti fires in Saudi Arabia. While focused primarily on the needs of 
Saudi Arabia, the plan forms the general basis for a regional netv,-ork that should meet the needs of 
other Gulf nations as well . 

•. The following activities are proposed in cooperation with and support of the host governments: 

• Immediate steps would be taken to collect and analyze meteorological observations and 
forecasts, record visual observations ot" the smoke plume, and review existing 
monitoring data. Plume observations via satellite would be obtained daily, 
.supplemented by periodic on-scene aerial transects designed to characterize the overall 
geometry of the plume. 

• A ground-based sampling network of portable equipment would be installed by EPA and · 
others at approximately 15·20 locations to measure particulate matter less than 1.0 
microns in diameter (the particle size most likely to penetrate deeply into the lungs). 
The ratio of the less than 1 0 micron particles to total particulate load would be 
established. Limited organic analysis would be undertaken. 

• Measurements of carbon monoxide, carbon dioxide, methane, hydrogen sulfide, sulfur 
dioxide, particle size distribution, elemental and organic carbon, metals, polycyclic 
aromatic hydrocarbons, and acid aerosols would be obtained close to the fires by 
NASA and NIST. These measurements should attempt to characterize and categorize 
emissions from several specific wells. 

• Specially equipped aircraft from the University of Washington (April 15 to May 15). 
NCAR (May 1 to June 1). and NOAA (July 1 to August 1 ) would be deployed to 
measure downwind plume composition and dispersion, radiative properties and climatic 
effects, and effects on clouds and precipitation. On the basis of the initial aircraft 
results, a longer-term sampling program would be designed to monitor the relaxation 
of the atmospheric environment as the fires are extinguished. 
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• Six additional comprehensive air quality monitoring stations would be established along 
the general axis of the plume from Kuwait City to Saudi Arabia to collect data on 
particulates, as well as on the organic and inorganic constituents of the plume. 

• Meteorological stations would be co-located at as many as possible of the selected 
monitoring sites. Data would be collected on wind, temperature, humidity, direct and 
diffuse radiation, soil temperature, and precipitation; Ten precipitation monitoring 
stations operated by WMO would be upgraded to measure departures in precipitation 
chemistry and restabilization to normal levels. 

• A data and information system would be designed to provide world-wide access to 
data of all types related to the fires. High speed data transmission capability would be 
established to enable image, graphics, and text exchange among participants in the 
monitoring, forecast, and health elements of the program. In the short-term a 
temporary archive would be developed to avoid loss of key data sets. 

2. Development of a Forecast Capability 

The objective of this activity is to develop an early warning advisory system for the Gulf and downwind 
regions. The system would forecast the trajectory of plumes created by the fires and compute the 
atmospheric concentrations of several constituents of known human health and potential environmental 
impact. 

:J 

Mathematical models of the fires and their effects are being developed by institutions in Saudi Arabia 
and the United States to assess the i.mpact of the fires. The models detail the e:·ombustion process 
associated with each well, and predict plum.e rise, chemical transformations, transport and dispersion, 
and particle deposition. These models are in turn linked to other algorithms and databases to predict ·,,J 

'the "impact of the plume on human health, and the local and distant environment (including effects ;on 
crops). 

A number of activities would be undertaken to complete the development of a forecas-t system: 

• Short-term meteorological forecasts would be used immediately to predict the 
orientation and general concentration of the smoke plume throughout the region. 

• Existing models in the U.S., Saudi Arabia, and elsewhere would be tested through air 
quality measurements obtained through the monitoring program described in the 
preceding section. As testing is completed, the models would be used to adjust the 
location of portable monitoring stations for optimal sampling and provide improved 
forecasts of plume characteristics. 

• Selected models, when tested, would be assembled· into a single computer system 
linked to weather forecast models available through NOAA's National Climatic Data 
Center. The system would form" the basis of an early warning system with terminals 
into the system available both in the United States as well as from the Gulf region. 

• At the conclusion of model development and testing, training and equipment would be 
provided to allow the modeling capability to be fully operated by appropriate agencies 
in the Gulf region. 
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3. Human Heelth Surveillance and Risk Assessment 

The objectives of this activity are to assess initial data obtained by the U.S. Interagency Air 
Assessment Team, to set up the needed infrastructure, and to conduct medical surveillance, 
epidemiological studies, and clinical field studies for the purpose of examining specific health endpoints· 
in order to ascertain whether there are short-term andf.or long-term trends in morbidity and mortality 
associated with exposure to the oil smoke plumes and deposition. 

Developing plans for and conducting a cross-disciplinary approach to human health risk assessment 
and health advisories is a difficult, complex and time-consuming task. The plan presented below can 
proceed only after accomplishing a coordinated interagency evaluation and assessment of the EPA 
monitoring data and other information. At that time, additional monitoring and modeling may be 
required. On that basis, the scope of effort, the type and number of health personnel both here and 
abroad, equipment, and other items cannot be identified in any detail. However, continued 
coordination and collaboration with the DOD and the Kuwaiti and Saudi health authorities is necessary 
to maintain established information sharing. Continued information sharing will aid in the development 
of baseline data for a complete human health risk assessment. in addition, this can help provide 
Kuwait with some important needed assistance in reestablishing their medical and health care 
infrastructure. 

The following tasks need immediate attention: 

• Health advisories should be reviewed and updated for use by military and non-military 
personnel based on an assessment of the U. S. Interagency Air Assessment Team data 
and observations. 

• Interim preventive measures should be identified and initiated including, but not limited 
to, the use of dust masks and limiting exercise (juring periods of severe smoke. 

• Medical facilities should be alerted to 'the potential increased frequency of asthma 
attacks and eye irritations and ensure adequate supplies of appropriate medications. 
Protocol should be established to alert military, indigenous, and other non-military 
transient populations of potential health risks, particularly for high risk populations such 
as asthmatics, people with heart disease or chronic obstructive pulmonary disease, 
children, and pregnant women. 

• A plan should be developed to collect needed medical and demographic information on 
affected populations including health examinations and a permanent archive of service 
records for all U.S. personnel stationed in the Gulf. These records will be vital in order 
to answer future questions on the health impact of U.S. personnel serving in the Gulf. 

• Host governments should be assisted, as requested, in ba.seline studies of affected 
populations. 

• Develop plans for conducting medium- and long-term epidemiological and clinical 
studies, and establishing medical surveillance systems. 

• Establish criteria for assessing the effectiveness of an early warning system to protect 
the U.S. and civilian personnel. Based on the monitoring system established by the 
host countries, an early warning health advisory system should be established. 
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These efforts should promptly follow: 

• Non-plume and plume samples for short-term in-vitro. and in-vivo tOXICitY and 
mutagenicitY testing and dose response assessment should be collected. 

• Acute and chronic health risks based on integrating information from exposure 
assessments, epidemiolog'ical/clinical studies, and in-vitro and in-vivo toxicity studies 
must be assessed. 

• Assess the impact of oil pooling and combustion deposition on potential exposure 
pathways. 

IV. INTERNATIONAL COORDINATION 

The U.S. Interagency Air Assessment Team currently working in the Gulf region has undertaken several 
first steps to coordinate planning with the governments of Saudi Arabia, Kuwait, and Bahrain. To 
achieve the objectives of this plan, several further steps toward international coordination are 
necessary: 

• Arrangements should be made with the government of Kuwait to complete the 
reactivation of the three air monitoring stations which were operating before the war. 
These stations will be critical to obtaining key observations near the source of the fires. 

• The British Meteorological Office is currently conducting long-range sampling of the fire 
plume by aircraft. Coordination of data exchange and research plans between 
programs should be arranged through WMO. 

• WMO should also be requested to arrange for collaboration of modeling efforts with 
Canadian and British scientists who work on similar programs. 

• Collaboration is needed with Kuwaiti and Saudi health authorities to assess the 
effectiveness of an early warning system to limit or reduce air pollution-related 
mortality and morbidity, and to monitor trends in respiratory disease. 

• The design and conduct of short-and long-term epidemiological and clinical studies 
must be integrated between Kuwaiti, WHO, and other countries providing assistance. 

• To the extent feasible, and, when requested, U.S. agencies should work with 
multinational organizations to rebuild the public health infrastructure in Kuwait. 
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·.') APPENDIX A 

AIR SAMPLING AND MONITORING 

The initial air sampling and mo'nitoring program conducted by the U.S. Interagency Air 
Assessment Team in Kuwait and Saudi Arabia had the following objectives: 

1. Determine if there is an acute health threat associated with the Hydrogen Sulfide IH2Sl and 
Sulfur Dioxide (S02) gases being emitted from the burning oil wells. 

This objective was accomplished by collecting Real Time Measurements (i.e. instantaneous 
readings) using portable instruments for the following parameters: H2S, S02, oxygen, and total 
particulate. These measurements were collected at 13 locations in Kuwait and Saudi Arabia, U.S. 
Embassies in Kuwait and Riyadh, MEPA Dhahran. at five oil well fields, and at various locations near 
the oil fields in Kuwait. The results from the March 13-20 monitoring are summarized in Table 2. 

The highest readings were recorded from measurements taken in the smoke plumes in the oil 
fields. The results from this monitoring did not indicate an acute health threat. However, if conditions 
change, (i.e .. fires are extinguished without capping, allowing high levels of gases) an acute threat near 
the wells may occur. 

The highest levels observed were: particulate 5.4 mg/m3, VOCs 2.5 ppm (adjacent to large 
. pools of oil). H2S 42 ppb, and S02 2 ppm. It should be noted that the detection limit for the S02 
monitor is 1-2 ppm. A different S02 monitor with a detection limit 0.1 ppm did not indicate S02. 
Also, the field personnel wer, unable to detect. any sulfur odors at any of the locations. Therefore, 
the S02 levels of 1-2 ppm should be used with caution. · 

The only elevated levels observed in the monitoring conducted in the population areas were for 
particulates. A reading of 480 ug/m3 was obtained at MEPA in Dhahran, Saudi Arabia. Based on field 
observation this reading was probably a combination of smoke from the fires and sand. Baseline 
particulate levels due to blowing sand in Saudi Arabia and Kuwait range from 200-3000 ug/m3 • · 

Further sampling and monitoring occurred from 3/24 - 3/27. These results are also attached. 
The results from this monitoring are similar the previous monitoring results. In general, the particulate 
concentrations at ground level in the oil fields were lower than in the downwind areas outside the 
fields, except when in the direct path of a ground level plume. The downwind locations most heavily 
affected vary, depending on wind speed, temperature, humidity, and other diurnal factors. 

The real time particulate readings during this phase are 15 and 20 minute averages. The highest 
reading occurred at the Ahmadi Hospital, with a. 20 minute average reading of 0.935 mg/m3 with a 
single highest reading of 1 . 16 mg/m3 • Other successive 20 minute averages taken at this location 
display the variation in particulate levels at the same location, as conditions such as wind direction 
change. 

2. The second objective was to identify and quantify the gaseous and particulate byproducts 
that are associated with the burning oil wells. 

This objective has partiaily been accomplished. Samples from 10 locations have been analyzed 
by ERT's laboratory in the U.S. The air samples were collected for the following parameters at all 
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locations: volatile organic (VOCs), polycyclic aromatic hydrocarbons (PAHs i.e naphthalene. 
benzo(a]pyrene), heavy metals, S02, and inorganic acids (i.e. sulfuric, nitric, etc.). A limited number ·~ 
of samples were collected for H2S, formaldehyde, CO, and total nuisance dust. For specific findings 
relevant to these samples see the section entitled • Air Sampling Results. • 

3.The third objective was to determine if the materials associated with the fire were effecting 
areas where American citizens were located. 

This objective will partially be accomplished by reviewing the data from the samples taken at 
MEPA Dhahran, Saudi Arabia, U.S. Embassies in Kuwait and Riyadh, Camp Freedom Kuwait, and Port 
Shuaybah, Kuwait, and reviewing the air monitoring data being collected by MEPA and ARAMCO in 
Saudi Arabia air monitoring stations and sulfur dioxide data taken at temporary hospital locations in 
Kuwait City. 

In order to complete this objective in a sound scientific manner, sampling for PM,0 particulate 
(i.e. particulate less than 10 microns in size), which are the respirable particulate, and samples from 
the plume above ground level should be taken. Also, the air monitoring network proposed by the U.S. 
Interagency Air Assessment Team should be implemented. 

AIR SAMPLING RESULTS: 

The results from the air samples collected for sulfur dioxide, volatile organics, and inorganic 
acids from 3/13 - 3/20 in Kuwait and Saudi Arabia confirmed the real time measurements and sampling 
and analysis performed by the Kuwaitis and the Saudis. These results confirmed the conclusion of the 
U.S. Interagency Air Assessment Team that the primary hazards from the oil well fire is with the 
particulate matter. 

The highest level of sulfur dioxide (0.68 ppm) was detected in th• smoke plume of the Burgan 
Oil Field. This level is above the EPA 24 hour (0. 14 ppm) and 3 hour (0.5 ppm) limit. None of the 
sulfur dioxide samples collected in populated areas exceeded the EPA air quality limits. 

The organic vapor analysis showed that compounds associated with petroleum (i.e. benzene, 
toluene, and aliphatic hydrocarbons such as n-heptane (n-C7)) were detected. The highest levels (i.e. 
10-20 ppb laval) were detected in the smoke plume in the oil fields and a grab (SUMMA) sample 
collected at ground level near a pool of oil in the Sabiriyah well field. The inorganic acid analysis 
showed low ppb levels for both sulfuric and nitric acid. Based on this limited data, the sulfur dioxide 
and nitrous oxide that may be byproducts from the burning of the oil are not being formed in large 
amounts. 

The results from the particulate analysis for polycyclic aromatic hydrocarbons (PAHs) and heavy 
metals showed very low levels of both parameters in the samples collected in the populated areas and 
in the oil fields. The only metals detected were those associated with materials found in the sand 
particles (i.e. sodium, aluminum, magnesium, etc,). 

Based on these limited number of samples, the major hazard associated with the oil well fires 
seems to be the particulate matter being emitted. The monitoring and sampling program discussed in 
the Air Monitoring Strategy Plan should help further define the hazards associated with the 
particulates. 

The complete results from the sampling are summarized in the attached exhibits. Only the 
compounds detected are listed. 
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PARAMETERS: 

The air samples collected at the oil well fields, Camp Freedom, MEPA Dhahran, Saudi Arabia, 
and U.S. Embassies in Kuwait and Riyadh, Saudi Arabia were analyzed for the following 
parameters: 

PAHs: (NIOSH Method 5515) 
Naphthalene, 2-Methylnaphthalene, 1-Methylnapthlalene, Biphenyl, 
2,6-Dimethylnaphthalene, Acenaphthylene, Acenapthene, Dibenzofuran, Fluorene, 
Phenanthrene, Anthracene, Carbazole, Fluoranthene, Pyrene, Benzo[a]anthracene, 
Chrysene, Benzo[b]fluoranthene, Benzo[k]flouranthene, Benzo(e]pyrene, 
Benzo[al pyrene, lndeno( 1 , 2, 3-cd) pyrerie ,Dibenzo[a,h ]anthracene, Benzo[ g, h, i]perylene. 

Inorganic Acids: (NIOSH Methods 7903) 
Hydrochloric, Phosphoric, Sulfuric, Nitric, Hydrofluoric. 

Metals: (NIOSH Methods 7300) 
Platinum, Titanium, Molybdenum, Zirconium, Silver, Aluminum, Beryllium, Cadmium, 
Calcium, Chromium, Cobalt, Copper, Iron, Magnesium, Manganese, Sodium, Nickel, 
Lead, Tin, Vanadium, Zinc. 

Volatile organics: !Modified Method 1500, 1501, 10031 . . . 
1,1, 1-Trichloroethane, Cyclohexane, Carbon Tetrachloride, Benzene, · Cyclohexene, 

Others: 

n-Heptane (n-C7), 1 ,2-Dichlorpropane, Trichloroethane, 1 A-Dioxane, 
Methylcyclohexane, Methylisobutvlketone, Toluene, n-Octane (n-C8), 
Tetrachloroethane, Chlorobenzene, Ethylbenzene, para-Xylene, Bromoform, Styrene, 
a-Xylene, n-Nonene, n-Nonane (n-C9), 1,1 ,2,2-Tetrachloroethane, Cumene, Mesitylene, 
Alpha-methylstyrene, 1 ,3-Dichlorobenzene, 1 A-Dichlorobenzene, 1 ,2-Dichlorobenzene, 
Benzyl Chloride, alpha-Terpine, D-Limonene, 4-tert.-Butvltoluene, 
1 ,2,4-Trichlorobenzene, Naphthalene, 4-Phenylcyclohexene, n-Decane (n-C1 0), 
n-Decene, n-Undecene, n-Undecane (n-C11 ), n-Nonanal, n-Dodecane (n-C12). 
n-Tridecane (n-C13), n-Tetradecane (n-C14). n-Pentane (n-C15). n-Hexadecane (n
C16). 

Formaldehyde and Sulfur Dioxide. 
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EXHIBT 1 : Air Sampling Results 

U.S. EMBASSY, KUWAIT 

Results for 3/16 

PAHs: 
none detected detection limit: 2 - 4.6 ppb 

Sulfur Dioxide: 
none detected detection limit: 0.04 mg/m3 

Inorganic Acids: 

VOCs: 

Metals: 

HNO, 5ppb detection iimit: 1 - 6 ppb 

Benzene 0.4 ppb, n-Heptane 0.13 ppb, Toluene 0.61 ppb, Ethylbenzene 0.1 ppb, 
para-Xylene 0.29 ppb, a-Xylene 0.12 ppb. 

Na < 1 .0 ug/m3, Mg 2 ug/m3, Fe 2 ug/m3, Ca 8 ug/m3, AI 2 ug/m3. 

Results for 3117 

· PAHs: 
Naphthalene 0.31 ppb 

Sulfur Dioxide: 
< 0.02 mg/m3 

Inorganic Acids: 

VOCs: 

Metals: 

HCI 3.0 ppb, H2S04 1.0 ppb, HN03 2.0 ppb 

Cyclohexane 1.31 ppb, Benzene 4.0 ppb, n-Heptane 6.0 ppb, TCE 0.7 ppb, 
Methylcyclohexane 2.0 ppb, Toluene 7. 7 ppb, n-Octane 3.0 ppb, Ethyl benzene 1. 7 
ppb, p-Xylene 5.4 ppb, Styrene 0.4 ppb, a-Xylene 2.4 ppb, n-Nonane 1.9 ppb, Cumene 
0.2 ppb, Mesitylene 0.6 ppb, 0-Umonene 0.1 ppb, n-Decane 1 .5 ppb, n-Undecane 1 .0 
ppb, n-C12 0. 7 ppb, n-C13 0.4 ppb. 

Na 10 ug/m3, Mg 2 ug/m3, Fe 3 ug/m3, Ca 10 ug/m3, AI 2 ug/m3. 
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EXHIBT 1: Air Sampling Results 

U.S. EMBASSY, KUWAIT, continued 

Results for 3/18 

PAHs: 
Naphthalene 0.16 ppb 

Sulfur Dioxide: 
< 0.05 mg/m3 

Inorganic Acids: 

VOCs: 

Metals: 

HCI 6 ppb, HN03 2 ppb, H2S04 1.0 ppb. 

Cyclohexane 1.2 ppb, Benzene 5.2 ppb, n-C7 8:1 ppb, Methylcyclohexane 3.0 ppb, 
Toluene 14.6 ppb, n-C8 4.7 ppb, Ethylbenzene 3.2 ppb, p-Xylene 9.3 ppb, o-Xylene 
4. 7 ppb, n•C9 2. 7 ppb, Cumene 0.3 ppb, Mesitylene 1.3 ppb, Naphthalene 0.18 ppb, 
n-C1 0 1. 7 ppb, n-C11 1.0 ppb, n-C12 0. 7 ppb, n-C13 0.3 ppb. 

Na 5 ug/m3, Mg 1 ug/m3, Fe 1 ug/m3, Ca 7 ug/m3, AI 1 ug/m3. 
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EXHIBT 1: Air Sampling Results 

CAMP FREEDOM 

Results For 3117 

PAHs: 
Napl:lthalene 0.09 ppb, 2-Methylnaphthalene 0.06 ppb, 1-Methylnaphthalene 0.04 ppb. 

Sulfur Dioxide: 
0.12 mg/m3 0.045 ppm 

Inorganic Acids: 

VOCs: 

Metals: 

HCI 16 ppb, HF 23 ppb, H2S04 31 ppb 

Cyclohexane 7 ppb, Benzene 4.6 ppb, n-C7 25.6 ppb, Methylcyclohexane 9.5 ppb, 
Toluene 13 ppb, n-CB 1B ppb, Ethylbenzene 2. 7 ppb, p-Xylene B ppb, o-Xylene 4.5 
ppb, n-C9 10.9 ppb, Cumene 0.5 ppb, Mesitylene 1 ppb, Naphthalene 0. 1B ppb, n-C1 0 
6.3 ppb, n-C11 4.1 ppb, n·C12 2.3 ppb, n-C13 0.9 ppb, n-C14 0.5 ppb. These levels 
may also include emissions from vehicles in the area. 

No Data. 

Results for 3/1B 

PAHs: 
Naphthalene 0.2B ppb 

Sulfur Dioxide: 
<0.04 mg/m3, < 0.015 ppm 

Inorganic Acids: 

VOCs: 

Metals: 

HN03 4.0 ppb, H2S04 4 ppb. 

Cyclohexane 2.B ppb, Benzene 6.9 ppb, n-C7 9. 7 ppb, Methylcyclohexane 3.9 ppb, 
Toluene 16 ppb, n-CB 5.4 ppb, Ethylbenzene 3.1 ppb, p-Xylene 9.5 ppb, Styrene 0.3 
ppb, o-Xylene 4.5 ppb, n-C9 3 ppb, Cumene 0.3 ppb, Mesitylene 1 .1 ppb, n-C1 0 1.5 
ppb, n-C11 O.B ppb, n-C14 0.2 ppb. 

AI 2 ug/m3, Ca B ug/m3, Fe 2 ug/m3, Mg 2 ug/m3, Na 3 ug/m3. 
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EXHIBT 1: Air Sampling Results 

MEPA OHAHRAN, SAUDI ARABIA 

Results For 3/13 

PAHs: 
none detected 

Sulfur Dioxide: 
<0.1 mg/m3, <0.037 ppm 

Inorganic Acids: 

VOCs: 

Metals: 

H2S04 5 ppb. 

Benzene 0.3 ppb, Cyclohexane 0.1 ppb, Toluene 0.5 ppb, Ethylbenzene 0.1 ppb, 
p-Xylene 0.2 ppb, o-Xylene 0.1 ppb, Mesitylene 0.04 ppb. 

AI 2 ug/m3, Ca 5 ug/m3, Fe 2 ug/m3, Mg 2 ug/m3. Na 1 ug/m3. 
Cd o.o 1 ug/m3 

Results For 3114 

PAHs: 
none detected 

Sulfur Dioxide: 
<0.08 mglm3 , < 30 ppb. 

Inorganic Acids: 

VOCs: 

Metals: 

HN03 2 ppb, H2S04 6 ppb. 

Cyclohexane 0.2 ppb, Benzene 0.5 ppb, n-C7 0.8 ppb, Methylcyclohexane 0.3 ppb, 
Toluene 0.7 ppb, n-CB 0.4 ppb, Ethylbenzene 0.1 ppb, p-Xylene 0.3 ppb, a-Xylene 
0.1 ppb, n-C9 0.3 ppb. 

AI 3 ug/m3, Ca 14 ug/m3, Fe 3 ug/m3, Mg 4 ug/m3, Na 8 ug/m3. 
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EXHIBT 1: Air Sampling Results 

U.S. EMBASSY RIYADH, SAUDI ARABIA 

Results For 3128 

PAHs: 
none detected 

Sulfur Dioxide: 
< 0.08 mg/m3 , < 30 ppb 

Inorganic Acids: 
N03 3 ppb, H2S04 < 2 ppb. 

VOCs: 
Benzene 0.3 ppb, Toluene 0.6 ppb, Ethylbenzene 1.0 ppb, p-Xylene 0.3 ppb. 

Metals: 
AI 8 ug/m3, Ca 4 ug/m3, Fe 1 ug/m3. 

PORT SHUA YBAH 

Results For 3117 

'PAHs: 
no data 

Sulfur Dioxide: 
< 0.05 mg/m3, , 19 ppb 

Inorganic Acids: 

VOCs: 

Metals: 

H2S04 19 ppb. 

Benzene 4.2 ppb, n-C7 J 3 ppb, Methylcyclohexane 5.3 ppb, Toluene 15 ppb, n-CB 5.6 
ppb, p-Xylene 6.9 ppb, Ethylbenzene 2.2 ppb, o-Xylene 2.9 ppb, n-C9 3.8 ppb, 
Cumene 0.2 ppb, n-C1 0 2.9 ppb, n-C11 1.9 ppb, n-C12 1.4 ppb, n-C13 0.8 ppb. 

Ca 4 ug/m3, Na 7 ug/m3, AL 2 ug/m3. 
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EXHIBT 1: Air Sampling Results 

Results for 311 5 

PAHs: 
no data 

Sulfur Dioxide: 
<0.3 mg/m3 , <0.1 ppm 

Inorganic Acids: 
no data 

VOCs: 

AI MAOUA OIL FIELD 

Cyclohexane 0.6 ppb, Benzene 1.8 ppb, n-C7 3.2 ppb, Methylcyclohexane 1 .1 ppb, 
Toluene 2 ppb, Ethylbenzerie 0.4 ppb, p-Xylene 1.4 ppb, a-Xylene 0.8 ppb, n-C9 2.8 
ppb, Mestilylene 0.3 ppb, n-C10 3.3 ppb, n-C11 3.5 ppb, n-C12 3.3 ppb, n-C13 1.8 
ppb, n-C16 1.1 ppb. 

Metals: 
AI 8 ug/m3, Ca 6 ug/m3, Fe 6 ug/m3. 
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EXHIBT 1: Air Sampling Results 

AI AHMADI OIL FIELD 

Results For 3116 

PAHs: 
none detected 

Sulfur Dioxide: 
0.45 mg/m3 , 0.17 ppm 

Inorganic Acids: 
H2S04 27 ppb, HN03 1 0 ppb, HCI 9 ppb. 

VOCs: · 

Metals: 

Cyclohexane 0.4 ppb, Benzene 3.9 ppb, n-C7 2.5 ppb, Methylcyclohexane 1 ppb, 
Toluene 2 ppb; n-CS 2.3 ppb, Ethylbenzene 0.5 ppb, p-Xylene 1 .5 ppb, a-Xylene 0.9 
ppb, n-C9 2.9 ppb, Mesitylene 0.4 ppb, Naphthalene 0.5 ppb, n-C1 0 3.4 ppb, n-C11 
3.8 ppb, n-C12 4 ppb, n-C13 2.9 ppb, n-C14 2.9 ppb, n-C15 2 ppb, n-C16 1. 7 ppb. 

AI 7 ug/m3, Ca 4 ug/m3, Fe 20 ug/m3. 

Formaldehyde: 
8 ppb. 

Hydrogen Sulfide: NO 0.3 ppm - detection limited . 

SUMMA Data: 
S02 0.2 ppm; CO 1.9 ppm 
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EXHIBT 1: Air Sampling Results 

AI BURGAN OIL FIELD 

Results For 3/1 7 

PAHs: 
none detected; detection limit 50 ppb 

Sulfur Dioxide: 
1.8 mg/m3 , 0.67 ppm 

Inorganic Acids: 

VOCs: 

Metals: 

H2S04 30 ppb, HN03 32 ppb, HCI 15 ppb. 

Benzene 8. 7 ppb, n-C7 4.6 ppb, Methylcyclohexane 2.5 ppb, Toluene 4.31 ppb, n-C8 
5.1 ppb, Ethylbenzene 1.3 ppb, p-Xylene 4.2.ppb, o-Xylene 2.4 ppb, n-C9 7.1 ppb, 
Naphthalene 1 .6 ppb, n-C1 0 9.1 ppb, n-C1 1 10.4 ppb, n-C1 2 1 1 .3 ppb, n-C1 3 7.8 
ppb, n-C1 4 7.4 ppb, n-C1 5 5.4 ppb, n-C1 6 4.6 ppb. 

AI 20 ug/m3, Ca 1 20 ug/m3, Fe 20 ug/m3, Mg 30 ug/m3. 

Formaldehyde: 
20 ppb; 

SUMMA Data: 
502 0.23 ppm, CO 1 .6 ppm, H2S none detected (0. 1 ppm detection limit:) · 

A-11 



EXHIBT 1: Air Sampling Results 

AI WAFRA OIL FIELD 

Results for 3/19 

PAHs: 
no data 

Sulfur Dioxide: 
none detected 0.3 mg/m3 , 0.11 ppm. 

Inorganic Acids: 

VOCs: 

Metals: 

none detected 1 0 ppb detection limit 

Benzene 2.3 ppb, n-C7 0.6 ppb, Methylcyclohexane 1.6 ppb, Ethylbenzene 0.3 ppb, 
a-Xylene 0.4 ppb, Mesitylene 0.4 _ppb 

no data 

Hydrogen Sulfide: 
ND 0.16 ppm dection limited. 

SABIRIYAH OIL FIELD 

Results For 3/1 7 

SUMMA DATA: 

Ground Level Sample: 

VOCs: 

H2S none detected (0.1 ppm); S02 0.13 ppm; CO 1 .1 ppm; NO and N02 none 
detected 

Benzene 9.8 ppb, Toluene 8.7 ppb, Ethylbenzene 10 ppb, m&p-Xylene 27.8 ppb 
o-Xylene 24 ppb, m-Ethyltoluene 15.8 ppb, n-C6 83 ppb, n-C7 60 ppb, n-CB 91 ppb, 
n-C9 91 ppb, n-C10 89 ppb, n-C11 65 ppb. 

3000 ft Sample: 
H2S none detected; S02 0.08 ppm, CO none detected; NO arrd N02 none detected 
0.5 ppm. 

1000 ft Sample: 
H2S, S02, CO, NO, and N02 none detected. 
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Table 1 
Kuwait Oil Well Fires Real Time Monitoring 

March 13-20 1991 

Site, Date, Time Total Sulfur 
Particulate Dioxide 

mgtm• ppm 

1 I MEPA Faciltiy, Dhahran, SA .170 .. 0.0 
3/13 11 00 hrs 

MEPA Facility .480 0.0 
3/1 4 1300 hrs 

2) AI Dhuba .420 0.0 
3/15 1430 hrs 

3) Umn AI Haiman .320 0.0 
3/i 5 i 500 hrs 

4) Mina Abdulla .250 0.0 
3/1 5 1 530 hrs 

5) Near AI Maqwa Oil Field 3/15 .010 0.0 
1630 hrs 

6) In AI Maqwa Well Plume 5.4 0.0 
3/1 5 1700 hrs 

71 U.S. Embassy .01 0.0 
3/06 0900 hrs 

L.S. Embassy .055 1.0 
3/1 8 1230 hrs 

8) In AI Ahmadi Well Plume - 0.0 
3/1 6 1 230 hrs 

In AI Ahmadi Oil Field .120 1.0 
3/16 1300 hrs 

9) In AI Burgan Well Plume - 1.0 
3/1 7 11 00 hrs 

1 0) In Sabiriyan Well Plume, --- 1.0 
Pooled Oil 
3/1 8 1 530 hrs 

11 I In AI Wafra Well Plume .05,0 2.0 
3/l 9 1200 hrs 

12) Freedom City - --
13) U.S. Embassy Riyadh, SA .032 0.0 
3/20 1300 hrs 
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Hydrogen Volatile 
Sulfide Organics 

ppm ppm 

0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.0 

0.01 0.6 

0.024 0.8 
.. 

0.006 0.8 

0.001 0.0 

0.005 0.2 

0.032 0.0 

0.009 · ·o.o 

0.015 0.0 

0.042 2.5 

0.015 0.0 

--- ---
0.0 0.0 



Site, Date, Time 

1 ) AI Safer Motorway 
and Wafra Road 
3/24 1 440 hrs 

Table 2 
Kuwait Oil Well Fires Real Time Monitoring 

March 24-27. 1 991 

Total Sulfur 
Particulate Dioxide 

mg/m3 ppm 

.825 2.0 
(1 5 min. 

avg.) 

2) AI Ahmadi Gathering .359 0.0 
Center #22 (15 min. 
3/24 1 530 hrs avg.) 

3) AI Ahmadi Hospital .222 0.0 
3/24 1530 hrs (32 min. 

avg.) 

4) 1 mi. NW of Station .256 0.0 
2 in Ahmadi Oil Field (10 min. 
3/24 1730 hrs avg.) 

5) AI Maga Oil Field, .034 1.0 
. 5 mi south of 7th (1 7 min . 
Ring Road near oil pool avg.) 
3/25 1 400 hrs 

6) AI Ahmadi Oil field .561 0.0 
(same as Station 4) (13 min. 
3/25 1 500 hrs avg.) 

7) AI Ahmadi Hospital .295 0.0 
(same as Station 3) (15 min. 
3/25 1545 hrs avg. 

8) AI Safer and Wafra .065 0.0 
Road (16 min. 
3/25 1615 hrs avg.) 

9) AI Ahmadi Hospital .935 0.0 
(same as Station 3 and (20 min. 
7) avg.) 
3/27 1020 hrs 

1 0) AI Ahmadi Hospital :457 -
(same as Stations 3, 7, (20 min. 
and 9) avg.) 
3/27 1 040 hrs 

11 ) AI Ahmadi Hospital .457 ·--
(same as Stations 3, 7, (20 min. 
9, and 10) avg.) 
3/27 1100 hrs 

1 2) Shuaiba Port .468 0.0 
3/27 1215 hrs (15 min. 

avg.) 
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0 
Hydrogen Volatile 

Sulfide Organics 
ppm ppm 

0.0 0.3 

0.0 0.0 

0.0 0.0 

0.0 0.0 

0.0 0.6 

0.003 0.6 

0.0 0.0 

0.002 0.0 

0.0 0.2 

--- ---

-- ---

0.0 0.0 

0 



Site, Date, Time Total Sulfur Hydrogen I Volatile 

I Particulate Dioxide Sulfide Organics 
mglm' ppm ppm ppm 

13) AI Safer Motorway .1 19 0.0 0.0 0.0 
and Wafra Road (12min. 
3127 1 300 hrs avg.) 

1 4) 1 6 Kilo-meters SE of .257 0.0 0.0 0.0 
AI Safer and Wafra (12 min. 
Roads avg.) 
3127 1 330 hrs 

1 5) 27 Kilo-meters SE of .227 --- --- ---
AI Safer and Wafra (15 min. 
Roads avg.) 
3127 1350 hrs 

16) 5 Kilometers South .072 - --- ---
of Khafji, Saudi Arabia (14 min. 
3127 1510 hrs avg.) 

J 
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Hospital 

A dan 

Table 3 
Sulfur Dioxide Bubbler Measurements 

(Acidimetric Method) 
T!!mporary Hospital locations in Kuwait City 

March 13-24 

Date 

3/14/91 
3/17/91 
3/18/91 
3/19/91 
3/20/91 
3/23/91 
3/24/91 

Mubarek AI Kabeer 3/13/91 
3/18/91 
3/19/91 
3/20/91 
3/23/91 
3/24/91 

AI Farwaniya 3/13/91 
3/16/91 
3!17/91 
3/18/91 
3/19/91 
3/20/91 
3/23/91 
3/24/91 

AI Jahra 3/16/91 
3/18/91 
3/19/91 
3/23/91 
3/24/91 
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C) 
Concentration (ug/ni3 ) 

40.31 
43.88 
39.34 
26.18 
27.68 
28.16 
15.99 

193.66 
56.48 
58.11 
42.34 
43.43 
23.72 

81.32 
19.21 
29.56 

134.81 
218.65 
27.57 
26.66 
10.54 

32.03 
66.59 
32.54 
13.92 
9.90 



APPENDIX B 

A REGIONAL GULF AIR MONITORfNG PLAN 
IN RESPONSE TO THE 

1991 KUWAITI OIL FIELD FIRES 

I. INTRODUCTION 
Purpose of the Plan 
Team Membership 
Concerns and Questions • Short and Longer Term 
Basic Understandings 

II. BACKGROUND 
Nature of the Fires and Oil Field Locations 
Qualttative Meteorological Observations 
Preliminary Air Quality Information 
Health Issues and Concerns 
Data Bases and Information Management 

Ill. RECOMMENDATIONS 
Preliminary Findings and Conclusions to Date 
Phased Steps for Expanding the Network 
Me.asurement Parameters at each Stte 
Health Monttoring Surveys 

IV. SUMMARY 

ATTACHMENTS 

Preliminary Findings and Conclusions to Date 
Basic Network Requirements 
Urgency and Timing 
Phased Approach to Implementation 
Unresolved Issues 

List of existing and proposed air monttoring sttes 
Locations of existing and proposed air monttoring sttes 

8·1 



1. INTRODUCTION 

APPENDIX B 

. A REGIONAL GULF AIR MONITORING PLAN 
IN RESPONSE TO THE 

1991 KUWAITI OIL FIELD FIRES 

The U.S. Interagency Air Monitoring Team is working with the Saudi Arabian Meteorology and 
Environmental Protec1ion Agency (MEPA) to develop an air monitoring plan for the Gulf region that will 
provide information to assess the Impact of the [Kuwaiti] fires In Saudi Arabia. This plan Is being 
discussed and developed with the King Faud University of Petroleum and Minerals in Dhahran, the 
Cooperation Council for the Arab States of the Gulf (CCG), and the Saudi Arabian Oil Company 
(ARAMCO). The plan is being developed at the request of Dr. Tawfiq, Vice President of the Saudi 
Arabian MEPA. Meetings have been held with officials from all of the above mentioned organizations. 

1 . 1 Approach 

0 

The Team Is gathering Information on the existing air monitoring networks In the region operated 
by MEPA, ARAMCO, Kuwait, Bahrain, and the Royal Commission of Jubayl and Yunbo. The spatial 
distribution of the existing network in the Region is being reviewed as to the location of sites, the air 
pollutants and meteorological variables that are monitored at each of these sites and the quality of 
existing data. That review Is to determine if the existing network needs to be expanded in terms of the 
air pollutants and meteorological variables monitored and additional air monitoring stations to determine "J 
the impact from the oil fires. The capabilities of the existing agencies and governments·to deal with a 
more complete network is also being Investigated. 

1 .2 . Objectives of Air Monitoring in the Gulf Reolon 

Air monitoring data is needed for the following reasons: 

a. To provide an Early Warning Health Advisory System for the Gulf Region to respond to the air 
pollution resulting from the Kuwaiti oil fires. The proposed Early Warning System could be based on an 
adaptation of the U.S. Air Quality Index, the Pollutant Standards Index (PSI), which can be modified to · 
use Saudi air quality standards. The Index would provide for health advisories to the affected 
populations so they can minimize their exposure to high pollution levels. 

b. To track the air pollution from the Kuwaiti oil field fires over time to asses the potential long term 
health and ecological effects. The air monitoring network proposal being developed Is being 
coordinated with a parallel effort to develop a health monitoring information system. 

c. To collect samples of airborne particles to perform toxicity testing and dose response 
assessment utilizing in-vivo animal models. 

d. To facilitate evaluations of models which are use to predict the local and regional scale behavior 
of the oil field emissions. Data from the expanded GULF REGIONAL AIR MONITORING NETWORK of 
ambient air quality and meteorological data will be Important for those evaluations. 
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2. BACKGROUND 

2.1 Preliminary Investigation of the Existing Monitoring Networks 

The air quality monitoring sites listed in Table 1 have been identified for each of the Gulf nations 
that could contribute monitoring information within the sphere of influence of airborne effluents from the 
Kuwait oil fires. 

Based upon our review of the existing networks, the principal pollutants which are missing are in 
the Saudi network and in the present Kuwaiti network are PM,0 , which represents particulate matter with 
particles less than 10 microns in diameter, polycyclic aromatic hydrocarbons (PAH) and volatile organic 
compounds (VOC). With respect to PM,0 , these are the particles which are most likely to penetrate 
deeply Into the lung. It should be noted that Kuwait has collected particulate data using an Anderson 
Cascade Impactor, with limited size distributions below seven microns within a total suspended 
particulate sample. Because of the importance of this particular pollutant and the extensive particulate 
resulting from the oil fires, the Team is recommending that special efforts be initiated to gather PM, 0 

data and if possible to determine its constituents - trace metals and hydrocarbons. The 
· PM,0 data collection effort should be supplemented with the collections of PAH samples and if possible, 
grab samples for VOC analysis. 

An ongoing effort Is being conducted to examine the analytical laboratory support for air 
monitoring In Kuwait, MEPA, KFUPM, and Saudi ARAMCO. The Kuwaiti laboratory capability to analyze 
air and particulate samples has been left largely Intact. As of March 27, 1991, two of the three 
continuous monitoring stations have been activated and are collecting data. The remaining site has its 
continuous sampling equipment however, like the analytical laboratory, Is without electrical power. 
There is no projected date for power at these locations. The analytical labo~tory has had experience · 
with polyurathane foam (PUF) extractions for PAH measurements (PS-1 sarnpler) and has done pesticide 
extraction and analysis research. The most critical need for the laboratory is obviously power to provide 
the basis of future support to the sampling plan. Additionally training must be provided with 
documented procedures for these new sampling and analytical procedures, and lastly they are in need 
of a complete set of standards to support instrument calibrations for their existing continuous monitors 
and the new proposed technologies. Quality control and· quality assurance samples and support for the 
network should be developed within the available laboratories but, should be supplemented from an · 
external source. 

The analytical laboratory at King Faud U.P.M. has recently been provided the above procedures 
to permit a self assessment of their equipment availability to conduct these detailed analyses. Currently, 
the K.F.U.P.M. is conducting experiments on PAH's analysis of high volume filters as a first step in this 
program. KF.U.P.M. has not had any experience with PUF, VOC canister analysis, or PM, 0 sampling 
and analysis. They have on hand the capability to expand their current analytical capability to provide 
support to the proposed network. 

The analytical laboratory of Saudi ARAMCO as with MEPA has had no experience in collecting 
and analyzing particulate PM,0 samples, PUF, and canister samples for VOC speciation and PAHs. 

In summary, the current level of technical competence within _all of the facilities visited, MEPA, 
King Faud U.P.M., Saudi ARAMCO, and Kuwait, Indicates that upon the procurement of adequate 
equipment, standards, and training, they all could support the sampling and analysis required for this 
program. 
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TABLE B-1. 

Nation 

SAUDI ARABIA 

KUWAIT 

BAHRAIN 

QATAR 

IRAN 

IRAQ 

The Distribution of Air Pollutant and Meteorological Mannering Sites by Gulf Nation. 

Organization 

MEPA 

Saudi ARAMCO 

Royal Comm. 
for Jubayt 
& Yunbo 

Number·ot Air and Met Sites 

3 fixed sites - meteorolOgy and air pollution at different 
locations of the same city 

1 mobile site - meteorology and air pollution 

1 fiXed meteorology site 

8 air quality sites with meteorology 

6 addltlonal meteorology sites 

Cluster of F.IVe Stations !n 
Jubayl 

3 sites with continuous monitors (2 with power, 1 
without power). 

4 sites with Anderson samplers. high vols. and dustfall 
buckets. (no power) 

1 additional TSP site (no power) 

6 additional dul!tfall sites 

4 temporary S02 bubbler sites located at 4 hospitals 
(some power) 

2 sites 

3 mobile monitoring sites 

unknown 

unknown 
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A substantial number of meteorological measurement sttes exist within the eastern provence oi 
Saudi Arabia and the nations of the Gulf Region. Most of those sites are along the shoreline of the Gulf. 
ARAMCO operates 14 sttes with meteorological data. Eight of those sites have collocated air quality 
measurements. Three of those sites are over the Gulf waters on platforms or on an island. MEPA 
(Saudi Arabia) has five sites with collocated air quality measurements. In addition, there are surface 
observations collected at many of the airports throughout the kingdom. Surface meteorological data are 
being collected at other Gulf region locations. Their locations may be identffied through the WMO 
publications. Previously, there were other surface measurement sites within Kuwait but their operational 
status remain unknown at this. time. 

Two upper air balloon sounding sites are operating wtthln Saudi Arabia. One site is at Dhahran 
and the other is about 115 miles to the SW of Kuwait City at AI Qaysumah. Twice daily soundings are 
collected at those locations, at 0000 and 1200 GMT. Prior to the war in Kuwait, twice daily upper air 
soundings were made at the Kuwait International Airport the resumption of those soundings could be of 
substantial benefit to describing the airflow across the areas of Kuwaiti oH fires. 

2.2 Meteorological Observations 

The following summarizations are based upon first hand observations of the. smoke plumes and 
fires. Those observations were made during overflights and during vehicle traverses both within the oil 
fields and along roads outside of the burning oil fields. 

For any given day, the prevailing large-scale meteorological pattern will be the main driving 
feature which determines where the smoke plumes will be located and how dense they will be. 

Individual smoke plumes appear to act in manners typical of buoyant plumes from ground level 
sources or plumes from short chimneys. Plume rise, the development of a bent-over plume geometry, 
etc., seem to apply to the individual well-head fires; some have. jets of fire and others are nearly surface 
based burnings of the more combustible fractions of crude oH spread across the ground in the vicinity of 
the well. Most of the fire plumes rise to between 500 to 1000 feet above ground level before becoming 
mostly bent over, although some plumes have a significant amount of smoke remaining within a few 
hundred feet of the ground. 

Collectively, as groups of multiple fires within oil fields with a high density of burning wells 
(particularly Greater Burgan), they assert a meteorological Influence of their own. It is suggested that 
the grouping of fires with a horizontal diameter of 15 to 25 miles provides enough of an intense "heat
island" that significant additional vertical rise of the smoke occurs inside the area. That additional plume 
rise lifts smoke to elevations often 3000, 4000, to 5000 feet above ground within the initial few miles 
downwind. Eventually, portions of the smoke rise even more, with multiple layers often forming at 
heights up to 8000, 9000, even 12000 to 13000 feet. Between such layers and at the tops of layers 
many tens of miles downwind, a generally dfffuse and homogenous zone of smoke has been observed. 
The eventual smoke height limits are bounded by the regional vertical temperature structure and 
synoptic weather characteristics. Information reviewed to date suggest that those maximum heights are 
mostly 8000 to 12000 feet within the initial 1 00 to 200 miles downwind from the Kuwaiti oil field fires. 

With the creation of a local heat-Island, a distinct inflow of near surface air has been observed 
within the initial 500 to 1 000 feet above ground level. At times, that Inflow of wind Is estimated to be 5 to 
15 mjsec in strength. Smoke plumes at the peripheral bounds of the bum area tend to slant inward 
toward the center of the burning field instead of pointing downwind with direction of the expected 
ambient wind. · 
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Local variations in daily wind flow, along wtth the fire-storm like winds, are likely to produce . C) 
preferred locations and times of day at which more concentrated smoke plume exposures reach ground 
level. Prevailing winds are from the northwest throughout the year. During the daytime a sea breeze 
can be expected to develop at the Gulf shoreline and progress Inland as the day progresses. That 
inflow of air can readily clear out the smoke plumes and yield substantially cleaner air at ground level on 
the Gulf side. Along the leading edge of the sea breeze front there likely may be a zone of extended 
and elevated exposures to fire effluent. That zone may well extend down the shoreline from Kuwatt City 
some 100 km. The area of greatest susceptibUity appears to be to the southeast of fires In the AI 
Ahmadi oil field (part of the greater Burgan field). 

2.3 Data Base Management 

In addttlon to evaluating the existing air monitoring networks, the Team made an lnttial review of 
existing data systems to handle the air monttoring data. The previous meteorological, air qualtty, and 
visual observations of the oU field fire plumes should be archived, along with data to be obtained during 
the period of on-going Kuwattl fires. A dedicated faciltty for the performance of that archiving does not 
appear to exist. The data management task is likely to be a sizeable task and extended of a period of a 
year and more. · 

Some of the general functional needs of the data management system include the following. 
The data which will need to be assembled into the data base will likely come from many different 
sources and exist in diverse formats and media. One role of the data base management activtty will be 
to assemble all information into a common, unfform structure. The second and equally important part of 
the data archiving is the provisions of a unfform and consistent mechanism for the retrieval of data by 
participating agencies. The degree to which that data base is well formulated, will significantly affect the , :_) 
efforts of users of the data as they attempt to study and Interpret the measurements .. 

A number of possible methods exist for the set-up of a computerized data base. Commercial 
software and hardware of various degrees and complexity and cost exist which would satisfy the data 
management needs. Before the choices of system software and hardware are made, the functionality of 
the overall system and the manners in which users work wtth the data sets should be considered. For 
example, it may be required that the data base be a "relational" data base. Other sources of software 
that might be used to.handle a large volume of data would be the U.S. Environmental Agency's (USEPA) 
Aerometric Information and Retrieval System. That system can handle hourly data and has considerable 
software available to both summarize and analyze the ambient air data. 

MEPA has asked the T earn to recommend the type of computer and associated software 
needed to manage the data collected in order to implement the monttoring plan. For now, it is more 
appropriate to defer specific recommendations. A number of general performance characteristics may 
be stated but specific details should be formulated In conjunction with data base specialists at a later 
date. 

RECOMMENDATIONS 

While preliminary, the Team believes that the following recommendations should be Implemented 
based on our initial data gathering exercise. A general objective Is listed as a recommended goal and 
below that objective are listed several needed items or activities to facilitate the achievement of the 
overall goal. 
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1. Objective: Provide a framework for an ear1y warning advisory capability for areas expected to be 
impacted by effluents from Kuwaiti oil field fires. 

Needs: a. 
b. 
c. 
d. 

Meteorological data observations and forecasts 
Visual observations from key receptor areas 
Review existing monttoring data 
Calculate smoke trajectories and concentrations 

2. Objective: Provide a cursory wide-area Indication of the distribution and composttion of the Kuwaiti 
oil field fire effluents. 

Needs: a. 
b. 

c. 
d. 

e. 
f. 

Establish 10 to 15 PM,0 monttoring locations using portable monitors. 
Train personnel in the operation of the portable PM-10 monttors and develop the 
analytical support capabDity within Saudi Arabia and Kuwatt. 
Define the PM,0 to TSP ratios. 
Define the composttion of the plume by XRF analysis for limtted organic 
identification. 
Establish a central media preparation and analysis location. 
Define the baseline contribution of the ambient aerosol from the surrounding 
desert. 

3. Objective: Characterize the aerial smoke plume. 

Needs: a. 

b. 

c. 

Collect many of the same plume measurements recommended for the ground 
monttoring array 
Collect descriptions of the width and vertical extent of the smoke plume at 
several downwind distances . 
Characterize the regional background by samples outside of the smoke plumes 

4. Objective: Develop a more complete profile of the smoke plume constttuents 

Needs: a. 

b. 

c. 

d. 

e. 

Procure equipment for a limtted number of comprehensive air quality monitoring 
stations to collect: TSP, PM, 0 ; organic, and inorganic constituents 
Establish a limtted number of comprehensive air quality monttoring stations to 
collect: TSP, PM,0 , organic, and Inorganic constituents. These should be 
collocated with the continuous monitors wherever possible. 
Train individuals to operate and maintain the sampling instrumentation in 
support of the monitoring program 
Procure the necessary analytical laboratory equipment required for analyses of 
the samples collected under this objective 
Train laboratory personnel in the preparation of the sampling media, OA/OC 
procedures required and the subsequent sample analytical procedures. 

5. Objective: Determine the need for expansio~ of the monttoring network to a wider regional 
coverage. 

Needs: a. 
b. 

c. 
d. 

Review the data developed from the limtted network. 
Assess the current and projected status of control of the oil field fires and 
emissions. 
Review the population health survey statistics. 
Review the suitability of the sampling strategy, and modify where needed 
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e. Expand the limned network as the snuation requires, data analysis indicates an 
additional need for data, the response of the affected populations indicate, or 
the model requires additional parameters. 

Many of the same considerations listed for air qualtty above also apply to meteorological 
considerations. 

6. Objective: Provide a meteorological data stream to facUttate the modeling and prediction of areas 
expected to be impacted by effluents from Kuwaiti oil field fires. 

Needs: a. Upper air balloon sounding data representative of the Kuwattl oil field fire area 
and Gulf region plume transport. 

b. Supplemental surface based measurements of wind speed and direction, 
temperature, moisture content of the air (dew point, relative humidtty, etc.), solar 
radiation, atmospheric pressure, precipttatlon. 

7. Objective: Provide a meteorological data set to investigate the areas of climate modHications 
occurring due to effluents from Kuwaiti oil field fires. 

Needs:. a. Supplemental surface based measurements diffuse and direct solar radiation. 

b. Special collections of precipttation throughout the region to examine the pH and 
chemistry of the rains. 

c. Aircraft soundings and profiles of smoke, winds and temperatures, air qualtty 
related measurements of plume compos~ions and concentrations representative 

. of the Kuwaiti oU field fire area and Gulf region transported plumes. 
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4. PHASED AIR MONITORING PLAN 

This section of the report discusses a prioritized plan of stepwise incremental actions for the 
phased implementation of the recommendations discussed above. Five phases for implementing the 
plan follow. 

4.1 Phase 1. Provide a Framework for an Early Warning Advisorv 

In order to accomplish this task, the following action items need to be initiated or incorporated 
into the task framework. 

1. Gather daily weather forecasts to predict meteorological conditions which would effect 
pollution potential in both Saudi Arabia and Kuwait. 

2. Use visual observations from key receptor sites to determine possible pollution levels. 

3. Gather existing air monitoring data from fiXed and mobile sites operated by MEPA, Saudi 
ARAMCO, and the governments of Kuwait and Bahrain to develop a data base of 

4. 

5. 

6. 

7. 

8. 

9. 

existing -data. · 

Establish a daily briefing for representatives of the many entities concerned with 
behaviors and fate of the aerial effluents from the og field fires in Kuwait. 

Develop a daily map depiction of the aerial distribution of the smoke plumes across the 
region using satellite Imagery, for each day since Initiation of the oil field fires . 

Issue a daily general statement about the expected behavior(s) of the oil fire plumes. 
Areas of potentially adverse conditions could be treated as locations for which 
advisories would be Issued. 

Provide forecast meteorological conditions across the region for the next 2 to 3 day 
period, including the expected location(s) of the smoke. 

Obtain data from the MEPA network throughout the eastern province. 

Direct the crews of the SLAR aircraft, (USCG Falcon Jet), to continue on a regular basis 
the present visual observation and mapped notations concerning the horizontal extent of 
the smoke plumes and the estimations of altitudes of layer bases and tops. 

1 o. The above Information could be compiled initially in hard copy form. Later it should be 
stored on electronic media in a way that an existing PC data management system could 
readily incorporate it. · 

. 
4.2 Phase 2. Establish a PM," Monitoring Network Using Portable PM," Monitors. 

Working In conjunction with the Saudi Arabian Meteorology and Environmental Protection 
Agency (MEPA), the proposed plan has been developed to collect information on PM,0 , which 
represents particulate matter with particulates less than 10 microns In diameter. At the present time 
there is no PM,0 monitoring in the Gulf region. 
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OBJECTIVES 

The objectives for this effort are as follows: 

1) Determine the magnitude or the health threat to residents of population centers and field
based military personnel impacted by the oil field fires and typical sources (windblown desert 
soils). 

2) Establish a scientifically based capability to alert these affected populations prior to the onset 
of the potential health threats from real-time measurements. 

3) Establish a technical basis for executing predictive air quality dispersion models which 
simulate the oil well fire emissions, background sources, and consequent impacts over space 
and time. 

4) Establish a regional network of PM,0 stations using a consistent monitoring methodology 
across the countries of Saudi Arabia, Kuwait, and Bahrain. 

5) Train personnel ro operate and analyze the media produced by the network from each of the 
participating countries. 

6) Develop a regional data base and encourage the sharing of data developed from the network 
with all participan~. 

The above objectives convert the foregoing goals into discrete actions: 

1) Determine the spatial temporal frequency, and severity of the impact to the resident 
populations and military centers affected through the application of saturation. sampling 
techniques with portable PM, 0 samplers. 

2) Establish the correlation of real-time surrogate monitoring data to date generated from direct 
sampling methods through the collocation and simultaneous operation of both methods over 
time. · 

3) Where possible use Impact data collected from samplers as an Input to the dispersion model, 
run the model "backwards" to develop a better estimate of the emission rates of the fires and 
produce a higher level of confidence in the predictive modeling results. 

4) Obtain from the literature andjor develop from source sampling analysis chemical profiles of 
all major pollutant sources In order to: 

a) identify those contaminants that pose the greatest health concerns and to develop 
an estimate of acceptable ambient levels (AAL.s) prior to the conduct of field work, · 

b) identify the chemical "signature" pf the major contaminants and other tracers 
characteristic of the primary sources, 

c) enable apportionment of these contaminants and other tracer compounds from a 
simple total mass concentration measured by the ambient samples, and 
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TIME 

0545 

0600 

0615 

0630 

0645 

0700 

0715 

0730 

0745 

0800 

0815 

d) attempt to relate these levels in turn to the surrogate real-time monitoring methods 
for use in issuing timely health risk alerts. 

5) Ensure that the data generated by the network are of a demonstrably high quality (precision 
&-accuracy), completeness, representativeness, and comparability. 

POSITION BASE/TOP WIND 
(LAT/LONG) (DIR/SPD) 

N2623E50·31 CLR VIS 15M 332/23 

N2700E4958 CLR 321/19 

N2744E4916 CLR 300/20 

N2822E4839 TOPS 070/030 331/006 

N2918E4819 SMOKE 060/030 335/10 

N2932E4810 SMOKE 070/030 344/10 

N29344830 SMOKE 070/030 265/7 

N29354857 THIN SMOKE 050/030 215/6 

N2925E4920 VERY THIN SMOKE 090 133/003 

N2833E4945 THICKER SMOKE 090/080 326/006 

N2738E5035 THIN SMOKE 090/080 280/005 

0830. N2702E5111 SMOKE 090/060 192/010 

0645 N2625E5148 SMOKE/HAZE 080/060 215/12 

0900 N2618E5118 SMOKE/HAZE 070/SURF 230/009 

APPROACH 

Conduct a PM, 0 saturation sampling study for the determination of the temporal and spatial 
features of the impact of the oil well fires and attempt to reconcile the data with existing model 
estimates. PM, 0 mass concentrations would be available within 2~ hours following sampling. No on· 
site meteorological, gas, or aerosol monitoring or chemical analysis is required (chemistry could be 
attempted later on the preserved media). One or more portable nephelometers would be collocatedat 
several sampling sites to develop correlations between manual and continuous (real-time) methods for 
alert advisories. • 

A total of 15-20 portable PM,0 samplers equipped with quartz filters would be run simultaneously 
on a daily basis or "triggered" (impact forecast) basis throughout the study area. Network design would 
Involve a •nested" approach to address the objectives: 

1) samplers sited at background locations (not Impacted) by the smoke plume and samplers in 
populated areas: 
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2) samplers in populated areas impacted by smoke. 

Samplers could be •ganged• (2 or more) and programmed to run consec1..~'vely at individual 
sites if filter clogging problems occur because of high loading. Further, multiple samplers could be 
collocated at certain sites to collect fine particulates Oess than 2.5 microns) and coarse particulates (2.5· 
10 microns) on teflon sample filters (facilitating XRF elemental analysis). One of the 10·12 sampling sites 
would be equipped with duplicate sampler$ in an effort to develop sampling precision estimates. 

This comprehensive program will yield the following: 

1) short turnaround PM,0 concentrations, 

2) gross estimates of the fire-specific contributions to total mass could be derived by 
subtracting background concentrations from the Impact site concentrations, 

3) applying assumptions on the source profiles to pollutant loading attributable to the well fires, 
estimates of Individual target compound loadings could be computed and a comparison to AALs 
made, 

4) correlations factors can be determined between real-time surrogate methods and manual 
methods, and 

5) Impacted sampling media would be available for subsequent Intensive chemical analysis in 
an attempt to reconcile assumed source signatures and extracts can be used to perform any 
other analytical tests (mutagenicity). Special precautions may be needed to preserve the sample 
Integrity during storage and transfer. 

Umitations: no on-site meteorological data to calculate emissions rates, no on-site chemistry \J 
· (unless developed) to confirm critical assumptions, and no concurrent gas or acid aerosol 
. measurements to evaluate or correlate with the particulate data. 

Resources: 1-2 professionals, 1 field technician per site, If it must be operated individually 
(actual number contingent upon the network logistics and potential •clogging• implications), portable 
PM,0 saturation samplers, portable nephelometers, lap-top computer, microbalance, expendables and 
sundry support gear. 

In summary, this approach is PM,0 mass data-rich, and assumption rich and in contrast to being 
reconciliation and broad pollutant characterization-poor. 

SAMPUNG AND ANALYTICAL METHODS 

, The alternate approaches identified above involve the use of a variety of sampling and analytical 
methods summarized below: 

Portable PM,0 Saturation Samplers 
segregate and capture of filter, particulates of 10 micron size (respirable particles) and 
smaller. 
battery-operated, lightweight, rugged, Inexpensive, small, and quiet. 
easily deployed and operated. 
programmable timer for unattended on and off. 
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rechargeable battery packs. 
continuous operation up to 30 hours on a single charge. 
precise and accurate. 
low detection limit of approximately 5 ug/m3 
sustained operation under high particulate loadings, e.g. 100 ugjm3 or more. 
electronic.sample flow regulation. 
electronic sample flow totalizer. 
low ftow shutoff ;warning. 
can accept a variety of other pollutant sampling media (e.g. PUF, DNPH, charcoal, 
denuders, etc.) or take whole air samples (Tedlar bags) with little or no modification. 

Portable nephelometers 
many of the same attributes of the PM,0 

battery operated 
effectively measure particulates of 1 micron diameter or smaller. 
continuous reading, storing five minute averages. 
rechargeable. 
continuous operation from 2-48 hours on a single battery charge. 
internal storage for up to nine days of sampling data. 
data download to a portable lap-top computer through RS232 serial port. 
operationally equivalent to standard nephelometers. 

Microbalance 
five to six place balance. 
rugged, transportable while precise and accurate. 

Field XRF Unit 
similar MQLS with situ laboratory unitli. 
rugged. ; 

Support Gear 
calibration and audit gear, tools and diagnostic equipment, etc. 

PROPOSED NETWORK DESIGN 

The recommendation for siting of the portable PM,0 samplers is predicated on providing a large 
area of coverage for developing a better estimate of the areas impacted by the plume, a cross-sampling 
of population and troop centers, and to a capability to provide a technology transfer to Saudi Arabia, 
Kuwait, and Bahrain. 

SAUDI ARABIA 
collocated site at KF.U.P.M. (2 sites) 
two sites In Riyadh (1 U.S. Embassy & 1 MEPA location) 
one site Royal Commission at Jubayt 
one site Saudi ARAMCO at Tanajlb 
one site MEPA at Khafjl 

Total of seven (7) sites. 
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KUWAIT 
three sites {3) located at the two operational continuous monitoring sites wrthin Kuwait Q 
City (one site collocated) 
one site at Camp Freedom 
One site U.S. Embassy 

· One site AI Hamadi (Kuwait Oil Company Hospital) 

Total of six (6) sites. 

CENTCOM 
two sites at selected troop locations 

Total of two (2) sites. 

SAHPtAIN 
one site to be determined 

Total of one (1) site. 

A total of sixteen samplers are committed to field sampling with the remainder as spares or as 
changes to the sampling plan requires. 

Phase 3. Characterize the Aerial Plyme. 

This phase should follow closely with Phase 2. in order to characterize the 3-dimensionai nature 
of the smoke plumes from the fires in Kuwaiti oM fields .. To achieve that goal, many of the Sa.me plume 
measurements collected by the existing and proposed ground level measurement locations should be 
provided by the aerial sampling platform. Obviously, the longer time integrated samples (e.g., 24 hour 
total values, averages, etc.) cannot be reproduced by aircraft borne devices. Short-term and across 
plume integrated measurement descriptions may be obtained to characterize the special extent and 
details of actual constituents of the elevated portions of the oil fire plumes. 

The aerial sampling activities may be separated into measurements which address the three 
general zones of plume characteristics, from an a meteorological sense. Those zones are the f) close
in zone, 2)intermediate or transition zone and 3)extended or distant zone. Measurements very near the 
wellhead are difficult to impossible to obtain due to excessive heat and great levels of turbulence. 
Measurements at intermediate distances will be difficult and many locations within the 
clustered groups of burning wells may be unsafe for ~erial traverses due to the extremely dense smoke 
and hidden turbulent plumes. Measurements at the longer distances, a few miles downwind of the 
burning wells, should be possible. Measurements from a few to.several hundred miles downwind of the 
fire area should be feasible. Within that distance range the approximate concentrations, plume 
dimensions, and estimated mass flux in the downWind directions may be approximated. The aerial 
sampling strategies should concentrate on the obtaining of those types of information. 
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4.4 Phase 4. Develop a Complete Profile of the Smoke Plume Constituents. 

Obtain additional equipment to expand existing continuous monitoring high priority sites in 
Kuwait and Saudi Arabia 

The survey conducted by the Team during Phase 1 of this plan indicated that within the region, 
respirable particulate sampling technology, aerosol and total particulate sampling and analysis for 
volatile organic compounds (VOC), semi-volatile organic compounds (SVOC), and PAHs were either not 
available or insufficient to property characterize the effects of the oil well fires on the population centers 
and the trocp concentrations within the region. 

This phase of the plan proposes to bring into the region several new technologies and to train 
personnel withn the region to operate samplers, to condition, and analyze the several new media 
necessry to support this expanded network. The objective of this process Is to develop a stand-along 
capability within each participating country for aerosol and particulate monitoring which will support the 
Gulf regional air quality characterization and Index plan outlined In Phase V. 

During this phase of the plan the Team proposes to expand the continuous air and 
meteorological monitoring currently being conducted within the region at six sites. These sites are 
recommended based on the need to jointly develop the sampling and analytical capability within the 
region to ensure that it becomes self-sufficient and sustainable. The particular technologies outlined 
below are not currently operated within the rgion nor are the analytical procedures required to support 
them currently being utilized. However, the Phase I survey Indicates that with sufficient training, 
additional equipment, and some experience with actual field samples the transfer should be relatively 
smooth. 

Initially, the Team's recommendation of six sites strategically placed along the axis of the area of 
greatest Impact by the oil well fire plume will generate sufficiaent samples for the require<;l training, while 
also providing critical data not currently being collected by the existing networks or available through the 
portable PM,0 network propOsed in Phase II. As this data base develops it can be used to better define 
the constituents of the plume and thus permit a more accurate assessment of the potential long-term 
health risk. 

The equipment listed below should be collocated with the full compliment of continuous air and . 
meteorological monitors described in Phase V at these six proposed sites. A brief description of the 
equipment is provided below: 

TSP High Volume Sample - used to collect a 24-hour sample of the total suspended particulates, 
operated nominally at 50 OFM, and typically uses 8x1 0 Inch glass fiber, quartz, or teflon filter 
media. 

PM, 0 High Volume Sampler- used to collect a 24-hour sample of the 10 micron and smaller 
sized fraction of the total suspended particulate sample collected by the TSP sampler above, 
sampler Is typically operated at 40 CFM, and utilizes an 8x1 0 Inch Quartz or teflon filter media. 
Note: glass fiber media should not be used If there Is concern for a known sulfate artifact 
formation problem. • 
PM,0 Manual Dichotomous Sampler- used to collect a 24-hour sample of the 10 micron 
particulate size fraction of the TSP, sampler operates at 16.7 liters/minute, and utilzes two (2) 37 
mm diameter Teflon filters to collect a fractionated sample with a cut point of 0-2.5 micron (fine 
fraction) and 2.5 - 10 micron (coarse fraction). 
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VOC Canister Sampler - used to collect up to a 24- hour integrated whole air sample in six-liter 
evacuated stainless steel canisters, interior walls are passivated to minimize sample degradation. 
samples volume can be rgulated by either limiting the volume to ambient pressure or pumping in 
addition sample to an approximate volume of 16 liters, these samples can be used for the 
determination of total hydrocarbons or analyzed for specific hydrocarbons, multiple analysis are 
available from a single pressurized canister sample. Note: An extensive canister cleanup 
process is required prior to the collection of additional air samples. 

Polyurethane Foam (PUF) Low Volume Sampler - used to collect 24-hour aerosol samples 
utilizing small AC or battery operated pumps at flow rates less than frve liters per minute on 
relatively small glass cartridges containing a PUF plug, these samples can be extracted and 
analyzed for PAHs, or other SVOCs. Note: Both the glass cartridge and PUG plug require an 
extensive cleanup procedure prior to re-use. 

Optional Tenex/CharcoaljXAD-2 tubes - these media can be used with same type of low volume 
pumps described above to collect additional samples for further definition of the constituents of 
the plume for SVOCs. 

Organic compounds will be present in all three phase distributions (particle bound, SVOC, and 
VOC) and each phase will have to be sampled and then a determination will have made as to 
importance of each. 

The particle bound is phase can be collected for extractible organic analysis from both quartz, 
teflon Impregnated glass fiber gilters, or teflon. 

The SVOC phase can be collected on PUF and within the canister. The VOC phase can be 
collected with canisters and charcoal tubes. Employment of Tenex and SAD-2 sampling tubes in 
conjunction with PUF, charcoal tubes, and canisters in an overlapping sampling matrix, can be used to 
confirm of the presence or absence of compounds which could be missed by a less complex sampling · 
matrix. 

Proposed locations for the initial six expanded sites: 

The Team recommends that the six locations follow the general axis of plume drift from Kuwait 
City south into Saudi Arabia. It is further suggested that the operation of these sites be divided amongst 
the key network managers within the two countries: Kuwait, MEPA, and Saudi ARAMCO. This division 
of respnsibility supports the philosophy to jointly develop both the sampling and analytical capability 
within all three entities. 

Kuwaiti Locations 

The Team recommends that two (2) of the sites be located at the existing operational 
continuous monitoring stations located In Kuwait City. A third site should be established in AI-Abmadj at 
the Kuwaiti Oil Company Hospital. This location is situated within 300 - 400 meters of several burning 
wells and is adjacent to the closest residential,area assaclated with any of the oH fields. 

Saudla Arabian Locations 

The Team recommends that a site be established at King Fahd University of Petroleum and 
Miners (K.F.U.P.M.) In Dharhran, one site to be collocated with Saudi ARAMCO site In Tanajib and the 
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last site should be collocated with the MEPA sie in Khafji which currently is only collecting meteorology 
data. · 

Episodic/EARLY WARNING measurements 

PM,o 
TSP 
S02 
03 
NOx, NO 
co. 
H2S 

(continuous) 

(continuous) 
(continuous) 
(continuous) 
(continuous) 
(continuous) 

3. Health Monitoring Survey 

Longer term monitoring 

Acid aerosols 
VOCs 
Aldehydes 
BaP, other PAHs 
Trace elements 
Fine particles 

Air monitoring data coiiected through the proposed air monitoring network will provide basis for 
interpreting the results of health surveys of the populations and ecosystems potentially effected by the 
effluents from the oil fires in Kuwait. The kinds of health data that could be collected Include: · 

.. 

Health questionnaires 
Blood samples 
Hair samples 
In-vivo animal studies 
Forced expiratory volumes 
Other morbidity parameters 

Distribution of Proposed and Existing Air Monitoring Sites 

Table 2 shows the location of the existing and proposed air monitoring sites, while Table 3 lists 
the locations of the proposed air monitoring sites. In order to complete the network In an orderiy 
manner, it is proposed that the network be developed in several stages. The first order of business 
would be to upgrade the existing monitoring locations so that there exist a full complement of air and 
meteorological monitoring equipment, as well as add new critical air monitoring stages (Stage 1 ) . The 
second stage would be to establish those sites that would satisfy the minimum requirements for tracking 
the plume caused by the oil fire and to provide an early warning system for Saudi Arabia, Kuwait, and 
Bahrain (Stage 2). The third and final stage would be to complete the final network following a review of 
the quality and quantity of findings to date (Stage). 

5. SUMMARY 

The Initial measurements made by the Team suggest that there Is not an Imminent threat from 
S02 and H2S to the urban populations, while short term measurements of particulate are frequently 
high. Historically, this region has high particulate levels due to wind blown dust. The particulate 
measurements that were collected by the T earn reflect total particulate, as opposed to respirable 
particulates, that Is PM,0 • There has not been a principal focus In the Region on total particulate, 
PM10,0 , and organics up to now. Therefore, the Team developed the five phased monitoring plan with 
an emphasis on better understanding particulates and the aerosol organics associated with the oil fires 
In Kuwait. Particulates and organics could be a source of concern for both health and ecological 
effects. 
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The air monitoring proposals presented in this report represent the Team's collective judgement .,\ 
on what needs to be done. Those judgements are based upon an on-site evaluation of the situation in ,J 
Kuwait, discussions with officials from the Saudi Arabian MEPA, Kuwatt, Saudi AAAMCO, and the King 
Faud University of Petroleum and Minerals. Needless to say more work is needed regarding data 
management, statistical design, data analysis and quality assurance. Because of the complexity and 
immediacy of this problem, an extended time commttment will be needed on the part of all Gulf nation 
agencies to achieve the objectives outlined in this report. 

Cost estimates for the various tuypes of air and meteorological monttors are attached to this 
plan, along with documentation on the U.S. Environmental Protection Agency's Pollutant Standards 
Index (PSI). 
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.·:) TABLE 2. Location of existing air and meteorology monitoring stations 

NATION ORGANIZATION LOCATION STAGE OF 
IMPLEMENTATION 

EXISTING 
SITES. 

Saudi Arabia MEPA Damman 1 

Hofuf 2 

Tanaglb (Mobile Slto) 1 

Ayadh 1 

Khaljl (Mat Only) 1 

Uclayliyah 3 

Shod gum 3 
. 

Abqaiq 3 

llhahran 2 

Tartut 2 

Rahlmah 2 

Juoymah 1 

Tanajib 1 

Saffanlyah Oil Field 3 
(met only) 

Marjan Oil Fiold (mot only) 3 

Fariliyah Island (met only) 2 

Tho Royai Comm, for Cluater of S stations 1 
Jubyayl and in Jubyayl 
Yunbo 

Existing Sites: SITE 1 1 
Kuwait 

SITE 2 1 

SITE3 1 

Existing Sites: 3 mobile units, unknown locations 2 
Qatar 
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TABLE 3. Location of oroposed air and meteorology mon~oring stations 

I NATION I ORGANIZATION I LOCATION I STAG 
I' E 

Proposed Sites: 
Saudi Arabia MEPA Awiyah 3 

Shumlul 2 

Sarrar 2 

Nuayriyah 2 

Uaafah 3 

Uatar II Balin 1 

28 deg 6 min latitude, 47 deg 51 min longitude 2 

28 dog 30 min latitude 48 dog 1 min longitude 1 

28 dog Sl5 min latitude 47 dog 32 min longitude 2 

29 dog 7 min latitude 46 dog 39 min longitude 2 

Kuwait Mina Saud 1 

u.s. Embaaay 1 

}l Ahmadi 1 
(Hospital) 

lntemational . 1 
Airport 

29 dog 23 min latitude 46 dog Sl5 min longitude 2 

29 dog 50 min latitude 47 dog 15 min longitude 2 

30 dog 4 min latitude 47 dog 42 min longitude 2 

29 deg 33 min latitude 47 deg 50 min longitude 2 

Bahrain Manarnah 2 

Qatar Oawhah 2 

United Arab Emirates Aub Dhabi 3 

Dubll "3 

Oman Muacat 3 
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1. INTRODUCTION 

APPENDIX 8 

A REGIONAl. GULf AlB MONITORING PlAN 
IN RESPONSE TO THE 

!gg! KUWAITI OIL FIELP FIRES 

The U.S. II'Qraganc:y Air Monllorlng Team Ia working wl!h the Saudi Arabian Meteorology and 
Environmental Protection Agency (MEPA) to develop an air monitoring plan for the Glif region that will 
provide lnfonnatlon to assess the Impact olthe (~ltl] fllel In Saud! Arabia. This plan Ia being 
discussed and developed with the King Faud University of PlllOieum lind Minerals In Chahl'lln, llie 
Cooperation Councl for the Arab Stat &I olthe GIM (CCG), and the Saudi Arabian 01 Company 
(ARAMCO). The plan Ia being developed et the request o1 Or. Tawflq, VIce President olthe .Saudi 
Arabian MEP A. Meetings have been held wl!h olllclals from an ol ~ above mentloned organizations. 

1.1 ApProach 

The Teem Ia gathering lnformetlon on the exlsiJng air monitoring networks In the region oparated 
by MEPA. AAAMCO, Kuwall, Bahrain, and the R~ Commlulon ol Jubayl and Yunbo. The spatial .. 
dlstrfbu!lon ol the existing netWorlc In the Region Ia being ~ as to the location ol sites, the air 

. pollutants and meteorological variables that are monitored at Blch ot theM sites and the quality of 
existing data. That r.w.w Ia to determine I the exlsiJng network needs to be expanded In terms ot the 
air polluterits and meteorological varlabiBI monitored and additional air monitoring stat1ona to determine 
the Impact from the ol ftres. The cepe.blllles olthe exlsiJng agencies and governments to deal with a 
more complete ..-ark Ia also baing lmi ulllgated. 

1.2 Obf!!C!Iyes of Air Mon!!ortng in !bt GsM Raa!on 

Air monitoring data Ia needed for the followtng INSOIII: 

L To provide an Early Wlmlng H..nh NMIOry Syaem for the GsM Region to respond to the air 
pollution resUtlng from the KIMalll ol lira The proposed Early Warning System could be based on an 
adaptation ot the U.S. Air Oulllty lndec, the Polutant Standardu Index (PSI), which can be modified to 
use Saudi air quality llandarda. The Index WOI*f pcoo.tle for health IICiviiOrl8l to the aflec:ted 
popUatlons so they can mlulnze their 8XpOI! n to high poiUIIon leYtla. 

b. To tJack the air polullon flam the Kuwdl ol fiiJd the ovw time to ._ the potential long term 
health and IClllogaJ llfectL Die - JllaiiiiGrlng I'IIIIWOrk pi'OpOIIII being de ill '* ,. baing -
-alnat8d lMih ........ elfort 1D ~op .1llllltl rnonlloring 1nformullon ayltum.-

c. ]IJ CGIIIc:t eumpe; otllitxln• .-t~c~eu • PIIIDml1addlt ' •v 11111 daee fWPOIIIII 
assessment utllzlng ln-Yivo ...... madlla. 

d. To faclltatu evaluatlonl al modela which arc 11M to pr;cllct the local and rugioniiiCUJe behavior 
ot the ol field emlaalona. Data from the expanded GULF REGIONAl. AIR MONITORING NETWORK of 
ambient air quality and l'llllleorologl data wl be ft1Portent for thoee evaluutlonL 
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2. BACKGROUND 

2.1 P!l!!lmlnarv I!"'IIM!!gatlon ot !he Exts!lna Monnortns N!!!WOrks 

The air quality monitoring Illes llsled In Table 1 have bean ldentlliad for each at the Glif nations 
that could contribute monitoring Information wlthin the sphere at iniiUIII'IC8 at airborne alftuents from the 
Kuwait oll fires. 

Based upon our review at the ex!stlng networi<s, the principal pollutants which are missing are in 
the Saudi network and In the present Kuwaltl nerwoik .,.. ~ ~nts particulate matter with 
particles lesa then 10 m1crona in dlametlt', polycyclic aromatic hydrocarbona (PArt) and volatile organic 
compounds (VOC). With IWped to PM,0 , theN .,.. the ~*tid• which .,.. moet likely to penetrate 
deeply Into the lung. It should be noled the! KuwaJI hu coilecled partlcl&ate data Uling an Anderson 
Cascade lmp~ctor, with !!mited size dlat:'.butlons below MYit'l micronl wtlhin a total suspended 
particulate sample. Because at the Importance at lhla particular pollutant and the exteNive particulate 
resulting from .the ol flras, the Teem II ~lng the! apec'-1 efforts be initiated to gather PM,0 

data and If possible to determine Ita constituents • trace rnataJs and hydrocerbona. The 
PM, 0 data collection effort should be supplemented with the collections at PAH samples and if possible, 
grab samples for VOC analysla. 

An ongoing effort II being conducted to IXIImine the INiytlclllaboratory IIIWOfl for air 
monitoring in Kuwait, MEPA, KFUPM, and Saudi ARAMCO. The Kuwallllaboratory capability to analyze 
air and partlaiate samples hu bean left largely intact. AI at March ZT, 18111, two of the tlvee 
continuous monitoring llltlOi 11 have been actiYated and .,.. colecllng data. The r.malnlng slle hes Ita 
continuous sampling ~ how-. Uke the INiytlclllaboratory, II wlhola electrical power. 
There II no projected date far poww It theea locetlonL The ~ lAboratory hu hid experience 
with polyurathene foem (PUF) Db'aCtlonl for PAH III88SUNITI8I1I (P$-1 eernper) and hes done pesticide 
extraction and aMiysla -at. The moet c:r1tal need for the laboratOI y II obYioully power to provide 
the basis at lutln support to the sampling plan. Additionally training 1111111 be provided with 
documanted procedures far 1t1ese ,_ sampling and INiytlcll procedures. and Iaiiy they are In need 
ot a complete sat at standards to support Instrument caliblallonl for their axlsllng continuous monitors 
and the ,_ proposed technologies. Quality central and qulllty uaurance samples and supj.ort for the 
network should be developed within the avalable laboratories but. should be auppl111111'1ted from an 
axtemal sourca. 

The arwlytlcllllaborlltory ltiQng Fauci U.P.M. hu ~ belli provided the above procedures 
to permit a salt asaes•--.nt of their equipment IVIIabllty to conduct theea datahd INiyses. CUrrently, 
the K.F.U.P.M. II conducting ecper'.menta on PAH'aiNiyala at high Yakn1e fllela u a flrlt step In this 
program. K.F.U.P.M. l'a 1101 hid arry ~a with PUF, VOC C8nillar analyala. or PM,0 sampling 
and anafyala. They tww on t.nd the capabllty to IDCplnd their ~ arwlytiCIII capability to provide 
support to the pi'QpCIMd netwark. ' . 

The analyllcalllbcntoly of Saudi ARAMCO u with MEPA hll hid no~ In collecting 
and analyzing partlcU8ta PM,, 111111Ha. PUF, and Clllillet samplee far VOC ll*latlon and PAHa. 

In IUIIIII'III'f, lhe cunwnt ....... at tact.-.lc:ll ~ wllhln II at lhe r.cllllea viiUcl, MEPA. 
l<lng Faud U.P.M., Saudi NIAMCO, and KiMd. indlcltes !hit upon lhe procurwnent of adtqulte 
equlpmere. lllndards. and trUing. they ~ COUd ~ lhe sampling and lllllylllllqlirad far this 
program. 
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TABLE 8·1. The Distribution of Air Pollutant and Meleoroiogical MonitOring Sites by Gulf Nation. 

Notion 

SAUDI ARABIA 

KUWAIT 

BAHRAIN 

QATAR 

IRAN 

IRAQ 

Ornanlzatlon 

MEPA 

Saudi ARAMCO 

RoY-' Comm. 
for Jt.ayt 
& Yunbo 

Nymb!!r qt Air and Mat snes 

3 fixed sit• • mlteoroiogy and air pollution at different 
1oc1t1ons ol the same clty 

1 moble site • mlteoroiogy and air pollution 

1 fixed meleorology site 
i 

8 eJr ~lty .... wtth meteorology 

8 addlllonal meteorology sites 

Ouater o1 Five Statlonl In 
Jubayt 

3 sit• with continuous monitors (2 with power, 1 
without power). 

4 11te1 wtth Andii'IO!l umplers, high vola. and dustfall 
bucketa. (no.power) 

1 addllkNI TSP site (no power) 

8 additional dUIIfall sit• 

4 r.mporary S02 bubbler sit• located at 4 hospitals 
(IOmlpower) 

2lltel 

3 mobil monitoring sit• 

llllknown 

Lllknown 

0 

~~) 
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A substantial number of meteorological measurement sites exJst within the eastern provence of 
Saudi Arabia and the nations of the Glif Region. Mosr of thole sites arw along the shoreline of the Gulf. 
ARAMCO operates 14 sites with meteorological data. Eight of thole sites have collocated air quality 
measurements. Three of !11oM sites arw 0\/el" the Glif Wllll'l on platforms or on an Island. MEPA 
(Saudi Arabia) has five sites with collocated 11r quality rnaasuremant~. In lddltlon, !hare arw surface 
observations collacted II many of the alrporta throughola tha kingdom. Surface mateorologlc:al data are 
baing collacted II Olhar Glif region loclllona. Their locatlonl may ba ldantlllad through the WMO 
publications. PI"8Viously, lhara were Olhar surface rnauuramant sites within Kuwait but !hair operational 
status remain unknown at thla time. 

Two upper air balloon sounding sites are opar8ting within Saudi Arabia. Ona site Ia at Chahran 
and the Olhar II about 115 mles to the SW of Kuwait City at ~ Qaysumah. Twtca daly soundings are 
collected at thole locations, at 0000 and 1200 GMT. Prior to the war in Kuwait, IWica daUy upper air 
soundings were made at the Kuwait International Airport. the resumption of thosa soundings could be of 
substanilai benefli to describing the alrtlow acrosa tha areas of Kuwaiti ol ilr8l. 

2.2 Metaorp!oalcal Obyryat!ons 

Tha following summarizations are based upon first hand observations of tha smoke plumes and 
!Ires. Thosa observations were ·niade dUring OYerlllghta and during vehicle nverses both within the oU 
llalds and along roads outside of the burning ol llalds. 

For any glvan day, the pravallng larga-scala meteorological pattern wll ba the main driving 
feature which determl,_ where the smoke plumes wll ba loc:ated and how danae thay wll ba . 

Individual smoke plumas appear to act In rnaMII'I typical of buoyant plumes from ground level 
sources or plumes from lholt chimneys. P11111a riM, the devtiopmant of a bent-over pl1111a geometry, 
etc., IHIT1 to apply to the Individual well-halld llras; some hava jill of ftnl and otharl are nearty surface 
basad burnings of the more combultlbltrhctlonl of cruda ol tpr..cl acroes the ground In tha vicinity of 
the wall. MOSI of the lire plumM riM to between 500 to 1000 feat above ground laval before becoming 
mostly ban! 0\/el", although soma plumes hava a algnlllcant amount of smoke ramalnlng within a few 
hundred flit of the ground. 

Coaactlvtly, as ~ of mUIIpla fires wllhln ol ftl!lda wtlh a high density of burning wells 
(panlc!Rrty Greater Burgan), thay assert a mateorologlcal lnluance of thalr own. It II auggested that 
the grouping of llras with a harlzonlll dilmlter of 15 to 25 m1a1 provldae enough of an r.ense 'heat· 
Island" that significant lddlllorwl vertical riM of tha smoke OCCift lnelde the ara n.t lddltlonel plume 
riM Ills smoke to llavatloM oftan 3000, 4000, to 5000 feat abOIIe ground within the Initial !WI miles 
downwind. Eventually, ponlol• of the IIIICika riM ~ mora, wtlh mutlple laY"' oftan forming II 
heights up to 8000, 11000, _.. 12000 to 13000 feat. Batwean IUCh iaylrl and II the topa of layers 
many ._ of mlae downwind, a ~ dlf!M and homoglnoul zona of IIIICika hu bean obsarved. 
Tha .vantu11 IIIICika l'lalgl-. 11mb arw bounded by the regional vertical tempa1at1n structure and 
synoptic waethlr characteriltlcl lnfonulllon re1111wedto date 111gg111 that !11oM mex1mum halghta are 
molllly 8000 to 12000 feat wilt*! the lnlllll 100 to 200 mlal downwind from tha Kuwaiti olllald fires. 

With the crutlon of a local haet..Jsland, a dlltlnct lnllow of naer ufaca air has bean obsarved 
within the Initial 500 to 1000 faaC above ground laval. N.11mae, that lnllow of wind II altlmated to ba 5 to 
15 m/sac In ltrangth. Smolca plumes 11 the perlpharal boundl of the bum arae land to 11ant Inward 
toward the center of the burr*1g llald lnltaad of poir"mg downwind with dlrac1lon of the axpected 

· ambient wind. · 
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1.pca1 variations in daiy wind ftow, along with the fire-storm like winds, are likely to produce · 
preferred lccatJons and times cf day at which mere concanuatad smoke plume exposures reach ground 
level. Prvvallng winds are from the northwest throughout the year. Curing the daytime a sea breeze 
can be expected to develop at the GUt shonlllna and progress Inland u the day progresses. That 
Inflow cf air can n.d~y clear cut the smoke plumas and yield sublllntlally cleenar air at ground ltl'lel en 
the Glif llde. Along the llldlng edge cf the - breeZe fronllharl likely may be a zona cf extended 
and tlwated exposures to fire IIIIUII'Il That zona may well extend down the shoreline from Kuwa~ City 
some 100 km. The area cf greatest suscaptlbllty appears to be to the southeast o1 fires in the AI 
Ahmadi ol field (part ol the greater Burgan field). 

2.3 Pat.a Base Management 

!n lddl!lcn to evaluating the axlsllng air monlloring na«worl<$. the Team made an ln~lal review of 
existing data systems to handle the air monitoring data. The previous meteorclcglcal, air quality, and 
visual obaervatlcna cf the c1 field ftre plumas shoUcl be archived, along with data to be obtained during 
the period cf en-going Kuwaiti fires. !._dedicated facllty .!or~ perlcmiii1Ce ollhat archMng does net 
appear to exist The data management task 1Sitk81yto-be·uiz8sble biik iii id ilttwnded "Ill a ·p.nOdOI"r 

-yaar and mora.·- · 
~ .. 

Soma a the general func:tlonal needs cf the data managamant system Include the following. 
The data which wll need to ._ assembled Into the data base wll likely coma from many different 
sources and exist In d'-M formats and rT!adla. One rcla olthe data base management activity will be 
to assemble all Information lnlc a common, uniform ltrUcl\n. The aaconc:t and equally Important part cf 
the data archiving lithe l)rOIIIIicnl cf I uniform and ccnsiltint II'IIChlnilm for the ratrlaval cf data by .J 

._Partk:lpatlng agencila. Jha degrM to which that data base II will fonniM!ed, wll lignlllcandy affect the 1•. \ 
a11orts o1 11181'1 olthe data u they auampc to ltudy and inllfpret the ITIIIUinmlf1tS, 

A number cf poaalbla methods Cdsl for the Mt-up cf a computartzed data base. Commercial 
software and hardware cf various dacr- and compialdty and COli IXIIt which would satisfy the data 
management naedL Bafcn the chok:aa cf systam IOftware and twdwanl are made, the functlonality of 
the CMirlll system and the manners In which 11181'1 work with the data sa1s should ba considered. For 
example, l may be required that the data base ba a "rriitlonal" data base. Other SOUfC8I ct software 
that might ba Iliad to handle a large volume cf data would be the U.S. ElMrcnmlntal Agency's (USEPA) 
.Aaromalric Information and REIIval Sy.tem. That ay1tam can handle hoully data and has considerable 
software avalabla to boCh aummarlzl and analyze the ambient u data. 

MEPA has liked the Teem to recommaud the type cf computer and associated software 
needed to manage the data cohc:taclln order to Implement the monitoring plan. For now, II II mora 
appropriate to daflr apac111c I"'CCOMMII''da A runbar cf QIIIIIW partormance charactarlstlcs may 
be IWed bla lpecillc cMiala should ba fomUatld In conj&n:llon with data base ~IIU at a later 
dati. ' 

RECOMMENDAnONS 

Willa preliminary, the Teem baiiiYea that the folowlng r.commendatlonl should ba Implemented 
baaed on cu Initial data Qlltt...'olg axerclle. A ganaral objac:Uve lll .. ed u a r.commanded goal and 
below 1hlt objaettve are llsled several needed 1tam1 or ICIMtlll to t.clltate the achllvament cf the 
ovard goal. 



1. Objective: P.rOIIide a framewori< lor an aar1y warning advisory capabiity for areas expected to be 
Impacted by ellluents from Kuwaiti oil field fires. 

Needs: a. 
b. 
c. 
d. 

Meteorological data obseMltlons and foriiCaSIS 
VlsuaJ obseMltlonl from kiiY. rKeptor areu 
Review exlstJng monitoring data 
c.lcUate smoke trajactoriaa and COIICai Illations 

2, Objective: PrOIIide a cursory wid...-.. Indication o1 the dlstribullon and composition ol the Kuwaiti 
oil field fire elll uents. 

Needs: a. 
b. 

c. 
d. 

e. 
f. 

Establish 10 to 15 PM,0 monitoring locatlona Ullng portable monitors. 
Train parsonnalln the operation ol the portable PM-10 monitors and develop the 
analytlcal support capablity wihin Saudi Arabia and Kuwait. 
0e11na the PM,0 to TSP ratloa. 
Oeflnt IN compoaiticn ol the piuma by XRF analysis for limited organic 
identlftcatlon. 
Establish a cantn11 media preparation and analysis location. 
Oallna the baseline contribution ol the &rllbiant aerosol from the surrounding 
dnert. 

3. ObjectJve: Characterize the aarlal smoke plume. 

Naacts: a. 

b. 

c. 

Collect many ol the same plume mauuramants recommanctad for the ground 
monitoring array 
CQ!Iact dascriptlona ol the width and vartJcal ~ ol the smoke plume at 
........ downwind diltancas 
Characterize the ragoo.l t.ckground by umplas outside ol the smoke plumes 

4. ObjectJve: Develop a mora complete prolle 01 the smoke plume COIIIIItuentl 

Naacts: a. 

b. 

c. 

d. 

.. 

Procan equipment for a limited number ol comprahenslve alr quality monitoring 
awt1c:w11 to collect TSP, PM,0 , organic, and Inorganic COIIIIIIuenta 
Establish a llmllad number o1 compraheniiYe air quality monitoring stations to 
collect TSP, PM,,, organic. and Inorganic .COIIIIluerU. n.. lhould be 
cclocated with the COI1IInuoul monitors wn.._ poaslble. 
TrUI lndlilldUIIIa to operare and malntaln the umplng inltrurnllntatlon In 
support ol the monllorlng program 
PIOCift the I'« IIII"Y analytical laboratory equipment raquQd for analyses Of 
the lll'l1ples colected undwlhll objective 
T!UIIabcntory persorvlllln the ~ o1 the umplng media, OA/OC 
procad- raqulrad and the lllbiequent ample analytical PfOC'dures. 

5. ObjiCilve: Determine the need for ecpmlllon of the monitoring l'lltWoric to a wldw raglonal 
CCMrage. 

Naacts: a. 
b. 

c. 
d. 

.....,._ the dala cMvelope from the limited netwo11c. 
~ the current and projected staiUs of control of the ol field ... and 
rha'c•.._ 
RIYIIw the population '-'Ill SIIV8'f ttat!tdca 
RIYIIw the suitability ol the umpllng llimegy, and modify whera needed 
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e. Expand the limited networil as the situation requires, data analysis indicates an 
edd~ional need for data. the response at the affected popliatlonS Indicate, or 
the model requires add~ pa!aiTIIIIers. 

Many of the same conalderatlona llsled for all qual~ above also apply to meteorological 
considerations. 

6. Objective: PI'OIIide a meteorological data stream to faclltate the modeling and prec:lictlon of areas 
expected to be Impacted by tlftuents from Kuwaiti ol field flrea. 

Needs: .. Upper air belloon sounding data representative of the Kuwaitl oil field fire area 
and GUt region plume transport. 

b. Supplemental surface besec:l measurements of wind speed and direction, 
t~ura. molslura content of !he air (dew point, ralltlve humid~. etc.). solar 
radiation, atrnosphertc pressure, praclpitatlon. 

7. Objective: PI'OIIide a meteorological data 1181 to irMistlgate the II'IIU of dima!e modifications 
occurring due to effluents from Kuwaiti ol fllld fires. 

Needs: .. Suppemental surface besec:l rM&suramenll dllluse and direct solar radiation. 

b. Special coiiiC!Iona at praelpllatlon throughol.t the region to IXI!mlne the pH and 
chemistry of !he ralnl. 

c. Aln:raft soundings and proll11 .~ IITIOI<e, wtnda and temperatures, air quality 
re181ed rM&Surementa of plume COIIII)Odlonl and couceullatlons representative 
of !he Kuwaiti ol fllld ftra area and GUt region trantported plumes. 

0 
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4. PHASED AIR MONITORING PLAN 

This section ot the report dl$cusses a prlorltlzad plan ot stepwise Incremental actions for ltle 
phased Implementation ot the recommendations discussed aboVe. Five phases lor Implementing the 
plan follow. 

4.1 Phase 1. Prgvlda a Fra!D!Worlc fpr an Eany Warning Atlyipy 

In order to accomplish thla tuk, the following action ·Items need to be Initiated or incorporated 
into the task framework. 

1. Gather daly weather torecasts to predict meleorologlcll conditions which would effect 
poll~ potential in bolh Saudi Arabia and Kuwait. 

2. UM vlaual observatlonl from kay recaptor 11!11 to determine possible polllltlon levels. 

3. Gather 8ldstlng air monitoring data from fixed and mobla 11!11 ~tad by MEPA. Saudi 
AAAMCO, and the govarMI8ntS ot Kuwait and ·Bahrafn to d~op a data base of 
axlsllng data. 

4. 

5. 

6. 

7. 

8. 

9. 

Establish a daly brlellng lor representatlvll ot the many entltles CQnCemad with 
behrllora and lata ot the 1arill tllluents from ttw ol flald tires In Kuwait. 

O.VIIop 1 daly nwp depletion ot ttw larill dlltribullon ot the. smokl plumes across the 
region using atelllta Imagery, lor aach day since 1n111t1on ot ttw ol ftald fires. 

laeue 1 daly generalatement about ttw expec:lld behlvlor(a) ot the oi flra plumes. 
Ana ot potandllly ldverM condltlona could be netld .. locallolw lor which 
ldvlllorlel woUd be luuld. 

Provide forecast mecaorologlcll conditions acrou ttw region lor the naxt 2 to 3 day 
period, Including ttw expec:lld locatlon(a) ot ttw smoke. 

Oblaln data from ttw MEPA I'IIIWOfk throughout ttw aastem province. 

Dnct the - ot the SlAA UCrd, (1JSCG Fllcon Jtlt), to COI'Cinue on 1 reg\Jar basis 
the ~ vilull oOMMI!on·and mapped not1t1on1 COIII*TIIng the horlzonlal extent of 
the smokl pl\l'rwl and ttw llllmlllonl ot llrlludll ot ~ beMIInd topl. 

1 o. The above lnformlllon could be complld lnltldy In lwd OOf1Y form. Later It sho!Jd be 
SIOI'Id on llectuJi lie media In 1 way lhlt an lldltlng PC data management system could 
,.ly lnc:ol'pcntt ll 

4.2 l't.u 2. fUb!lsh I PM,. Mgnl!or!nq Nt!wgrk lJt!ng Pgrtlhlt PM,. Mgnl!on .. 

Worldng In ~unction wllh lhe Saudi Alablan Meteorology and Eswlrounwllll Protection 
Agencf (MEPA), lhe propoeed plan hu been daWiopld to cok:tlnlonnatlon on PM,0 , which 
representa pertlcUate !MUll' wllh ~ '- thin 10 mlc:rocwln dllmeCM'. N. the ~ time 
there Is no PM,, monitoring In the Gulf region. 
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OBJECTIVES 

The objectives for this effort are as follows: 

1) Oelannlne the magnitude or the health threet to !Wiidents ot population centers and field· 
based miliary parsonnellmpac:ted by the o1 field Ina and typk:ll sources (windblown desert 
lola). 

2) Establish a scientifically based capabllty to alert these affected populations prior to the onset 
ot the potential health threats from real-time measurements. 

i 

3) Establish a technical basis for IIXtcullng predlctlvt air quality dispersion models which 
slmuate the ol well lire emlaslons, background sources, and consequent Impacts over space 
and time. 

4) Establish a regional network ot PM,0 llatlona using a consistent monitoring methodology 
across the countries ot Saudi Arabia, Kuwait, and Bahrain. 

.5) Train personnel to operate and analyze the media. p;oductd by the network from each of the 
participating countries. 

6) Develop a regional data base and encourage the sharing ot data developed from the network 
with all participants. 

The above objectives c:onvart the 101 egolng goals Into d~a acl!onll: 

1) Oelannlne the spatial ternpo181 frequency, and IIY8rily ot the Impact to the resident 
popUatlonl and miliary cent11n1 affected through the application cf saturation sampling 
tachnlqUM with portable PM,0 aamplera. 

2) Establish the correlation ot raal-tlrne sunogate monitoring data to date generated !Tom direct 
sampling methods through the collocation and air1'Utanaoua opemJon of boCh methods over 
time. 

3) Where poeslble use Impact data collected from aamplers aa an Input to the dispersion model, 
run the model 'beckwan:ia• to develop a better llllmlte ot the emllalon rates ot the ftres and 
produce a higher 1M ot conlldenoe In the precl~ modeling reauts. 

4) Oblaln from the 1..-.nn and/or develop from -.ce aampllng analysis chemical profiles of 
II major pollutantiOIMCII In Older to: 

a) lderdy thoee contamlnanla INt poee the grMiall health COIICeiTII and to develop 
an llllmlte ot eceeplable amblert IMa (MLI) prior to the eondud ot field work, 

b) lderdy the chemical •~~gnat~n• ot the nwjor contaminants and OCher tracers 
c:hlracterlltlc ot the primary IOUrCII, 

e) ..tile apportionment ot tt.. contam1nanta and OCher tracer eampounds from a 
simple !oral IIIUI C011CAi Gallon measured by the ambient samplae, and 
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TIME 

0545 

0600 

0615 

0630 

0645 

0700 

0715 

0730 

0745 

0800 

0815 

0830 

0845 

0900 

d) attempt to relate t~ levels In tum to the surrogate real-time monitoring methods 
101' use in Issuing tlmely health risk alerts. 

5) En~~n that the data genwatld by the I'IIIWOr1c al'll d a dln'IOilltl'ably high quality (precision 
& accuracy), c:ompec-. ~. and comparabllty. 

POSmON BASE/TOP WINO 
(l.AT/LONG) (OIA/SPO) 

N2623ESo-31 CLA VIS 15M i 332/23 

N2700E4958 CLA 321/19 

N2744Eo4916 CLA 300/20 

N2822E4839 TOPS 070/030 331/008 

N291BE4819 SMOI<E 060/030 335/10 

N2932E4810 SMOI<E 070/030 344/10 

N29344830 
0. 

SMOI<E 070/030 2e5/7 

N2935o48S7 THIN SMOI<E 050/030 215/8 

N2925E4920 VERY THIN SMOI<E 090 133/003 

N2833E4945 THICI<EA SMOI<E 090/ 080 328/008 

N2738ES035 THIN SMOI<E 090/080 · 280/00! 
N2702E5111 SMOKE 090/080 11tl/010 

N2625E5148 SMOI<E/HAZE 080/060 215/12 

N2618E5118 SMOI<E/HAZE 070/SUAF 230/009 

APPROACH 

Conduct a PM,0 1at1nt1on ampllng IIUdy for the dlllannlnatlon d the temporal and spatial 
features d the impact d the ol Wlll'nl and attempt to l'liCOIICh the data with IIXiltlng model 
estimates. PM,0 INa COIICMGallonl would be awlabie wlhln 24-411 hours following sampling. No on· 
site meteorclogiCII, gu. or .. OICII monitoring or d1emlcll anelysla Ia requAcl (Chemiltry could be 
att8mpted later on the pr Jtrled media). One or 11101'11 portable !llphelom8Cenl ~ be collocated at 
aeveta1 sampling .... to de\elop ccm11t1on1 b8CWeen maiiUII w cont1nuou1 (.&-time) methods tor 
alert advisories. 

A total d 15-20 portable PM,0 umplera eqc~pped with quanz m.. woUd be run slmlitaneously 
on a daly bula or "trrggee.r' (lmpKI fol'1lcall) bull thrtlughoul the IIUdy .,.... N8CWOII< design would 
Involve • 'neated" appraecll to addl'llll the ~: 

1) samplera lltecl at background loc:aliona (not lmpect.:l) by the trnOke plume Cld samplers in 
pop!Aatlld ....... 
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2) samplers In populated areas impacted by smoke. 

SampllfS coUd be 'ganged' (2 or more) and programmed to run consecutively at Individual 
sites If filter clogging problems occur because at high loading. Further, mlitlpje umpllfS could be 
COllocated at certain Illes to collect fine j)lltlc:Uates o- than 2.5 mk:rons) and coarse partlculates (2.5· 
10 microns) on !ellen umple fltlfS (faclltatlng XRF ~~~ arwiyals). One at the 10.12 sampling sites 
would be equipped with duplicate samplera In an lllfort to develop sampling precision estimates. 

This comprehensive program wll yield the follawfng: 

1) short turnaround PM,0 concentrations, 
i 

2) gross estimates at the lire-specific c:onuibutlona to total mass could be derived by 
subtracting beclcground conc:entJatlona from the Impact slle concentrations, 

3) ~ assumptions on the ~ !)fOlies to pollutant lolldlng &ttrltxr.able to the well fires. 
es11mates at lndlvldual terget compound IOIIdlnga could be computed and a comparison to AAL.s 
macM. 

4) c:orralatlons factors can be determined between raal..flma surrogate methods and manual 
. melhoda. and · 

S) lnipacled umpllng media would be -lable for aclbMquent Intensive chemical analysis in 
.n atteml)t to rec:oncle assumed source algnaturea and extracts can be used to perform any 
Olher ana¥lcal tests (mutagenlc:lty). Spec:lll precautions may be needed to preserve the sample 
lntegrily during storage and transfer. 

Lmltatlonl: no on-site meteorological date to calculate IITIIIalona rates, no on-site chemistry 
(unl- d.veloped) to conllnn critical ·aaumpdona, ll1d no conc:urr.nt gas or acid aerosol 
meuurarnents to eYaluate or c:omlate with the putlculate data. 

RIIOUfCII: 1-2 ~ 1fleld tec:hlicl.n per alta, If I InUit be operated Individually 
(actual number c:ontlngent upon the network logiltlca and pollntlm 'clogging' Implications), portable 
PM,0 lltlntlon samplers. portable nephalometera, lap-(op computer, mlcroblllanca, 11Xp8fldables and 
.sundry support geer. 

In unmary, lhll approGh II PM,0 - date-rich, and asaumpllon rich and In contrast to being 
reconcllatlon and broad pollutarl chlrac:teiiZatl· 

SAMPUNG AND ANALYTICAL METHODS 

The allen.-. ~ ldentlllld abcNe lnYolve the uee at a variety at sampling and analytical 
methoda IUIMIIrlzed below: 

Portable PM,0 Saturation SimPers 
llglegall a caplln at titer, pMlculates at 10 micron size (respirable !*tides) and 
lllllller. 
battery-operated, llghlvte~ tUgged, Inexpensive, small, and quiet. 
euly deployed and operated. 
pn:lglal1lllllt ~ fol unattended on and olf. 
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rechargeable battery packs. 
continuous operation up to 30 hours on a single charge. 
precla8 and accurate. 
low detection limit ot approximately 5 ug/m3 
sustalned operation under high particliate loadings, e.g. 100 ug/m3 or more. 
llec:tronlc wnple flow regliation. 
llec:tronlc wnple flow totalizer. 
low flow stntolljwamjng. 
can accept I 111riety ot Olher pollutant sampling media (e.g. PUF, ONPH, charcoal. 
denuders, etc.) or take whole air samples {Tedlar bags) with lillie or no modification . 

Portable nephelorneters .I 

many ot the seme lllrlbutes ot the PM,0 

battery operated 
effectively meesure partlcliates ot 1 micron diameter or smaller. 
contlr.uous nsedlng, Slorlng live minu!e averages. 
rechargeable. 
continuous operation from 2-48 hours on 1 single battery charge. 
Internal storage for up to nine days ot sampling data. 
data download to 1 portable lap-top computer through RS232 serial port 
operationally equivalent to llandard nephelometers. 

Microbalance 
ftve to six place balance. 
rugged, tranSponable whle precise and accurate. 

Field XRF Unit 
s1m1ar MQLS wllh IIIII laboratory unlts. 
rugged. 

Support Gear . 
calibration and audl gear, toola and diagnostic equipment, lie. 

PROPOSED NETWORK DESIGN 

The l'1ICOIIVI'Mindtion for ailing ot the portable PM,0 amplera Ia predicated on providing a large 
area ol COYerllge for developing a better 11t1mate ot the .,... lmpec:ted' by the pl~.m~, a croa-sempling 
ol pop!Atlon and troop e«Qrs. and to a capabllty to provide a taehnology tran8fer to Saudi Arabia, 
KuwaJt, and Bahraln. 

SAUDI ARABIA 
colcc•told ... • KF.U.P.M. (2 .... ) 
two .... In Rl)wfh (1 U.S. Embuly & 1 MEPA location) 
0111 ... Royll Conrl11'on • Juba'jl 
0111 ... Saucll ARAMCO • Tanajlb 
0111 ... MEPA • Khllll 

TOIII ot- (7) lllea. 
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KUWAIT 
three sites (3) located at the two operational continUOU$ monitoring sites within Kuwait 
City (one site collocated) 
one site at Camp Freedom 
One site U.S. Embassy 
~ site AI Hamad! (l<uwa- 01 Corr~pany HoepitaJ) 

TataJ of llx (6) sites. 

CENT COM 
two sites at seiected troop locations • 

TataJ of two (2) sites. 

BAHRAiN 
one site to be dlllermined 

TataJ of one (1) site. 

A tataJ of abcreen samplers are committed to field umpllng wtlh the remainder as spares or as 
changes to the umpllng plan ~ulres. 

Phase 3. Cbamcterize tht Aerial Plumt. 

. Thla phue shoUd follow cloeely wtlh Phase 2, In ord• to ctwae1.tze tlq 3-dlmensionaJ nature 
of the smoke plurnee from the llnllln Kuwalll ol flllcll. To echlew that goal, many of the same plume 
muaurements collected by the IXIstlng and piDpDMd ground ...,.. ~ locations should be 
provided by the aerial ampllng platfoml. Otwloully, the longer time Integrated samples (e.g., 24 hour 
lataJ valuee, averages, ecc.) CII1I1DI be reproduced by aircraft borne deYictl. Short-tenn and across 
plume Integrated rn.surernant d811Crip11DN may be obCalnad to charact.tze the spacial extent and 
dll&la of actual c:onstltuerU of the li8YIIled pon1D111 of the olllre plumes. 

The larlll umpllng ac:tMilel may be IIPifal8d 11m ~ which addlliSS the three 
ganaral zones of plume ~ from an a mii8DrDioglcll -. Thole zones are the 1) dose
In zone, 2)fnlennedlate or trane11on zone and 3)eclandad or dlltant zone. Ueasuramanta very near the 
wellhead are dlllleUt to ki!P JaNe to obtain due to axcaa•~ heal and gr..c ...,.., of turbulence. 
M81SU1'11111811t at lnlarrnedllle d~ wl be dllllcUt and many locallon8 wllllln the 
dustarad ~ of burning Mia may be lftafa for a.lll .,_.. due to the .u.mely dense smoke 
and hidden U1:xHnt plumes. Maulnmenta at the longer dlltalal. a fwN ml81 downwind of the · 
burning Wille, lhDI*S be IYJllfbk Maulnmenta from a fwN to -.1 hundred ml81 downwind of the 

• fire .,.. shoUd be t.ulble. Wilt*! !hat dlltanca rMga the appaxlrnllAI concaruat1on1. plume 
dlmanslonl. and 8lllmaracl - ftux In the downwind dlrwcllol11 may be approximated. The aerial 
sampling 11Jatagi811hoUd CDIICAIIII.U 011 the obtaining of II1CIM typ8l of Information. 
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4.4 Phase 4. Oeye!op a Comolete Profile of the S!Nke Plume Con§!ityents. 

Obtain additional equipment to expand existlng contlnuous monitoring high priority sites in 
Kuwait and Saudi Arabia 

The survey conducted by the Team during Phase 1 ollhil plan llidicated that within the region, 
respirable particulate sampling technology, l8t080I and total pertlc!Aate sampling and analysis for 
volatllt organic compounds (VOC), Mml-llolatlt organic compounds (SVOC), and PAHs _. either not 
avaHable or Insufficient to property chlncterize the elllicta olthe oi well fires on the pop!Aatlon centers 
and the troop concentrations within the region. 

This phase olthe plan proptJI'IS to bring lnto 1the region sevll'li w tiCI'Inologles and to train 
personnel withn the region to operate samplers, to condition. and analyze the sevll'li w media 
necessry to support this expanded network. The objective ol this process Is to dlllleiOp a stand-along 
capabUity within each participating country for aerosol and particulate monitoring which will support the 
GUt regional air quality characterization and Index plan outlined In Phase V. 

During this phase o1 the plan the Team proposeS to expend the continuous air and 
meteorological monitoring currently being conducted within the. region at six sites. These sites are 
recommended besed on the need to jointly d8\lelop the sampllnQ and analyliclll capebRily within the 
region to ensure that It becomel salf-IUIIIcienl and sustainable. The particular tiCI'Inologies outlined 
below are not currenUy operated within the rglon nor ans the analytical procedures required to support 
them currenUy being utllzed. How-. the Phase I ~ Indicates U.t with sulllcler1t tralnlng, 
additional equipment, and 10111e experience with actu11 field aamples the lnlnafer lhould be relatively 
smooth. 

Initially, the T earn's r.c:ommet ldatlon ol six lites strategically placed along the axis ollht area of 
greatest Impact by the o1 Mil lire plume wl generate IUIIIclaent umplea for the required training, whUe 
also providing critical date not currwndy being colltcled by the IXIItlng networks or avalablt through the 
portable PM,0 network propoeed In Phase II. Aa thla date but d1111elope It can be used to better define 
the constituents ollhe plume and thul penni i more accuralt .-sment olthe potential long-term 
health risk. 

The equipment lilted below lhould be collocated wtlh the fUI compliment ol contlnuou3 air and 
meteorological ~ d-=rtbed lri Phase V at lheaa six projloled sites. A bMI desi:rlpclon ollht 
equipment Is provided below: 

TSP High Volume Sample • used to cohc:t a 24-llow aample olthe total ~ed particulates, 
operated nomlnally at 50 OFM. and typically UMS ext o Inch glass tiber, quartZ, or tifton liter 
media. 

PM,0 High Volume Sampler· used to cohcla 24-llow sample olthe 10 micron and smaller 
sized fraction ot the tac.IIIIIP8"ded pullcUate sample collected by the TSP,IIIIIpiar above, 
sampler II typlcaly operated at 40 CFM,IIId Ulllzee an 8x10 Inch Culrtz or tafton Iller media. 
Note: glua fiber medlllhould not be used I there II COIIcalll for a known IUfata artlact 
fonnatlon problem. 
PM,0 Manull Dlchotomoul Sampler • used to cohc:t a 24-llow sample ot the 10 micron 
partlcUate size fraction ot the TSP, .ampler opnte1 at 1e.7lltlrs/mlnutl, andldzes two (2) 37 
mm dlameler Teflon fliers to cohcl a fractionated sample with a cu point ot 0.2.5 micron (fine 
fnlctlon) and 2.5 • 10 Jnic:ro!1 (coane fnlellon). 
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VOC C;Jnlster Sampler • used to collect up to a 24- hour Integrated whole air sample in six~tter 
tvacuated stainless steel canl$ters, Interior walls are passivated to minimize sample degradation. 
samples volume can be rgulated by either limiting the volume to ambient pressure or pumping in 
addition sample to an approximate volume at 16 liters, U.. samples can be used for the 
determination at total hydrocarbons or analyzed for speclfic hydrocarbons, mlA!iple analysis are 
available from a single pressurized canister sample. Note: An extenslve canister cleanup 
process Is required prior to the collection at additional air samples. 

Polyurethane Foam (PUF) Law Volume Sampler • usad to c:oaect 24-hour aerosol samples 
utllzing small AC or battery operated pumps at flow rates less then five liters per minute on 
relatively IINli glasa cartridges conlainlng a PUF plug, U.. samples can be extracted and 
analyzed for PAHs, or OCher SVOCa. Note: Both the g1asa cartridge and PUG plug require an 
extenslve cleanup procedure prior to re-usa. 

Opllonal Tenex/~/XAD-2 tubes • thesa media can be usad with same type of low volume 
pumps described above to collect add~lonal samples for further deftnltlon at the const~uents of 
the plume for svoea. 

Organic compounds wll be. present In all threa phase distributions (particle bound, SVOC, and 
VOC) and each phase w11 have to be sampled and then a determination wll have made as to 
Importance at eech. 

The particle bound II phase can be c:oaected for extrac:llble organic analyslllrom both quartz, 
tafton Impregnated g1asa fiber .gllers, or teflon. 

The SVOC phase can be collected on PUF and wtthln the caniller. The VOC phase can be • , 
collected with canillers and charcolll tubes. Employment at T enex and SA0-2 sampling tubes In • __) 
conjunction with PUF, charco~~~ tubes, and canisters In an ~ aampllng matrix, can be used to 
confirm of the presence or absence at compounds which could be mls:sed by a less complex sampling 
matrix. · · 

Proposed locatlona for the Initial sbc expanded s1t11: 

The T11.111 recommeuds that the IlK locatlol• follow the generll axil at plume drill from Kuwatt 
City south Into Saudi Arabia. It II further auggested that the operation at tt.. sites be divided amongst 
the key network manegeq within the two counll'lll: Kuwd. MEPA. and Saudi AAAMCO. Thil division 
at respnaibllty aupports the phlolophy to )olnlly dewlap bolll the tampllng and analytical capabolty 
within all three lnllllll. 

The T11.111 recolm*ldl that two (2) at the .... be locahld at the exlltlug operational 
continuous monitoring tllaliUi • located In Kuwait City. A 11*1:1 ... lhcUd be lllablllhed In AI-Abmadj at 
the Kuwa111 01 Comp.ny Holpllal. Thlllocallon II ... llttd within 300 • a meten1 at MYeral burning 
wells and II edjKerlt to the c:loMit reslcler'&l - aaocllted with any at the ol fields. 

Saudla Arabian Locatlol• 

The T11.111 recommends that 1 ale be lllabllshed at King Flhd UniYerslty at Patrc1111m and 
Miners (K.F.U.P.M.) In Dhlrtvan, one ale to be collocated with Saudi AAAMCO Ike In Tanajlb and the 
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last sHe should be collocated with the MEPA sie in Kha1ji which currently if 
data. 

EpisQdfe/EARLY WARNING mti$Y''""nts 

PM,o 
TSP 
S02 
03 
NOx, NO 
co 
H2S 

(condnuOUS) 

(contlnuoua) 
(continuoUs) 
(continuous) 
(continuous) 
(continuous) 

3. Heelth Mon~oring Survey 
Ale!~:;;,·!';~;:~·-~·~""'""' 

Lpng, tean me. 

Acidaeroa 
· VOCs 

Aldehydes 
BaP, oCher PAr. 
Trace elements 
F1111 particles 

Air mon~oring data collected through the proposed air monitoring networic will provide ba& 
Interpreting the resl.its ot health surveys ot the populations and ecosystems potentially effected by t• 
effluents from the oil tires in Kuwait. The kinds ot health data that could be collected Include: 

Health questionnaires 
Blood samples 

. Hair samples 
In-vivo animal lludlel 
Fonced expiratory volumes 
Other morbidity parameters 

Distribution ot Proposed and Exlldng Air Monitoring Sites 

Table 2 shows the location ot the existing and proposed air monitoring sites, whle Table 3 lists 
the locations ot the proposed air monitoring sites. In Older to complete the network In an Olderty 
manner, It is proposed that the network be developed In 181181'111 stages. The first Older ot busineSs 

. would be to· upgrade the existing monitoring 1ocat1on1 10 that U.. exist a full complement ot air and 
meteorological monitoring equlpmenl. a Will a 8dd ,_ crillcll air monitoring stages (Stage 1 ). The 
second stage would be to establilh lhoee altai that would l8lllly the minimum r.quQmenta for tracking 
the plume caused by the ol tn and to PI OYide an early \Wmlng system for Saudi Arable. Kuwait, and 
Bahrain (Stage 2). The third and flnll stage would be to complete the flnll network folowirlg a rllllew of 
the quallly and quantlly ot findings to dale (Stage). 

S. SUMMARY 

The inlllll ~ n-.1e by the Team 111ggest that U.. Ia noc an irnl)1lnent threat from 
S02 and H2S to the wt.n pnp!Jatlonl, Whle lhorlt.nn meaur.menca ot parlic:IMte 1A1 hquendy 
high. Hlatoric:aly, lhla ,... '- high parliciMte levels due to wtnd blown dUll The pmllcUate 
III8UUnlmll1la that _.. colected by the Team re1ect tac.1 pertlcUate, a oppoMd to 1'811)1rable 
particulates, that .Ia PM,0 • Therw ,_ noc been a pr'•ICipal foculln the Region on lOCal pmllcUale, 
PM10,0 , and organics up to-· Tl•n•tore,the Team dewlopedthe five phaecl monitoring plan with 
an emphasls on better unctenlandlng parlic:IMtee and the aerosol organlca - ocllted with the o1 fires 
In KlMalt. Partlc:ulates and organlca coUd be a toun:e ot 001am for bolh health and ecological 
effects.. 
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The air monltonng proposals presented In this report reprSsent the Team's collective judgement 
on what needs to be done. Those judgemaot.s are based upon an on-site evaluation at the situation in 
Kuwait, discussionS with olllclals from the Saudi Arabian MEl' A. Kuwait. Saudi ARAMCO, and the King 
Faud University at Pelroleum and Minerals. Needless to say more wori< Ia needed regarding data 
management. statlstal design, data ar.lysil and quality asaurance. Because at the compaxity and 
Immediacy at this problem, an exlended time commilment wit be needed on the part at all Gulf nation 
agencies to achieve the objectives outlined in this report 

Cost estimates for the various tuypes at air and meteorological monitors are attached to this 
plan, along with documentation on the U.S. Environmental Prolection Agency's Pollutant Standards 
Index (PSI). 
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TABLE 2. Location of existing air and meteorology monitoring stations 

NATION OAGANIZATION LOCATION STAGE OF 
IMP!SoiENT ATION 

EXISTING 
SrTES 

SalldiNol>la MEPA c.mman , 
HoM 2 

TINgiD (MoDilo Sile) , 
~ 

, 
10\a!!l (Met Only) , 

IJdayllyo/l 3 

SMdgum 3 

JOqaiq 3 

ChalvM 2 

Tertut 2 - 2 

JuayiMII , 
·.~ .. TMijiD , 

SIIIMiylll Oil Flaid 3 
tmotonly) 

Mlrjlll Oil Flaid (met only) 3. 

~-(mel only) 2 

,. Allyl! Comm. for a.-••- 1 
Jubyllyt- .. In~ 
Yunllo 

~SIIoa: SITE 1 1 - lln2 1 

81TE3 , 
l!zfoling Slloa: 3,........,..._unknawn 'a: da111 ' 2 
Qatar 

~ 
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TABLE 3 LOcation ol proccsad air and meteorology monitoring stations 

NATION ORGANIZATION LOCATION STAG 
e 

PropoMd Sitot: 
s...dlkabia loiEPA .-;yan 3 

SllumkM 2 

Samr 2 

-yriyall 2 

/ ~ 3 

Ullwall&tin , 
2.1 c~eg e rnin lati1ude. 47 c~eg st '"'" longitude 2 

2.1 deg 30 rnin - 41 deg , min longitude , 
2.1 deg 55 min la1l1ucle 47 deg 32 min longitude 2 

21 dOG 7 min latftudo 41 clOG 31 min longitude 2 

Kuwait ...... s-ud , 
u.s.~ , 
.~~-

, 
(Hoapit81) 

.. ...... ltil:l l\al , 
Ntpolt 

.. 

21 deg 23 min - 41 deg 55 min longitude 2 

21 deg 50 min - 47 deg 15 min longitude 2 

30 deg 4'"'" - 47 deg 42 min longitude 2 

21 deg 33 min - 47 deg 50 min longitude 2 

Balvlin ,.,.,..,. 2 

o.w Dloolloll 2 

UniiMI - .,_ - Dllabl 
3 

DuM! 3 

Oman - 3 

' 
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AREAS OF CONCERN 

- MARINE AND COASTAL·ENVIRONMENT 
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APPROACH 

- MULTIDISCIPLINARY SURVEYS AND . 
ASSESSMENTS 

- DEFINING REQUIREMENTS FOR 
EXPERTISE, EQUIPMENT AND FUNDS 

- FORMULATION OF A PLAN OF 
OPERATION 

- FIELD IMPLEMENTATION 
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ATMOSPHERIC COMPOSITION AND AIR 
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- LONG-RANGE TRANSPORT 

- ASSESSMENT OF GLOBAL SCALE EFFECTS 
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IMPACT STUDIES ON TERRESTRIAL AND 
AQUATIC ECOSYSTEMS 
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- AIR AND PRECIPITATION SAMPLING 
(100-3000 KM) 

- REHABILITATION AND ENHANCEMENT OF 
THE METEOROLOGICAL NETWORK (WWW 
AND GAW) INCLUDING EQUOIPMENT AND 
TRAINING 

- DATA AND COMMUNICATION FOR 
MODELLING AIR POLLUTION DISPERSION 
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AND DEPOSITION 

- ADVICE TO DECISION MAKERS 

- SCIENTIFIC ASSESSMENTS 
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o QUESTIONS 

WHAT IS THE COMPOSITION AND AMOUNT OF 
GASEOUS AND PARTICULATE BYPRODUCTS BEING 
P-RODUCED 

·.WHAT IS THE MAGNITUDE OF THE EXPOSURE IN 
THE IMMEDIATE VICINITY (TO SERVE WHO HUMAN 
HEALTH RELATED STUDIES) 

WHAT ARE THE POSSIBLE CONSEQUENCES AS 
REGARDS LONG-RANGE TRANSPORT AND ENHANCED 
BACKGROUND AIR POLLUTION AND DEPOSITION 

WILL THERE BE SIGNIFICANT GLOBAL EFFECTS 

o TOOLS. 

MONITORING 

MODELLING 



TO ESTABLISH A DATA BASE FOR 

0 AIR AND PRECIPITATION COMPOSITION 
AND THEIR TRENDS 

. 0 MONITORING ANOMALOUS TROPOSPHERIC 
CHEMISTRY AND RELATED EFFECTS 

0 AIR POLLUTION TRANSPORT MODELLING 

0 ASSESSING CLIMATE EFFECTS 

0 MONITORING ATMOSPHERIC COMPOSITION 
CHANGES IN THE FIRE EXTINGUISHING 
PROCESS 

J 



-

-

-

." 

METEOROLOGICAL PARAMETERS 

PRECIPITATION CHEMISTRY 

RADIATION (INCLUDING OPTICAL 
DEPTH) 

) - TOTAL CARBON AND SOOT 

·~. 

- GASEOUS COMPONENTS <COz 1 CO 1 CH4 1 

S021 HzS1 03 1 VOC's INCLUDING PAH> 

- AEROSOL 



0 NEAR THE SOURCES (DETERMINATION OF 
EMISSIONS, LOCAL IMPACT) 

0 MEDIUM RANGE (REGIONAL EFFECTS) 

0 LONG RANGE (GLOBAL EFFECTS) C) 

r:J 



C) GLOBAL ATMOSPHERE WATCH 
-

<A SYSTEM FOR ENVIRONMENTAL POLLUTION MONITORING AND 

. RESEARCH> 

0 To PROVIDE AUTHORITATIVE 
SCIENTIFIC INFORMATION AND 
ADVICE ON THE COMPOSITION AND 
BEHAVIOUR OF THE GLOBAL 
ATMOSPHERE 



0 To ESTABLISH AND CO-ORDINATE 
AN OPERATIONAL SYSTEM TO 
DETERMINE GLOBAL AND REGIONAL 
LEVELS AND TRENDS OF·NATURAL 0 
AND MAN-MADE ATMOSPHERIC 
CONSTITUENTS {INCLUDING THOSE 
WITH A POSSIBLE IMPACT ON 
CLIMATE) 

- TO FORECAST FUTURE STATES 
OF, AND STRESSES ON, THE 

ENVIRONMENT 

- TO ENABLE GOVERNMENTS TO 
TAKE PROMPT ACTIONS TO 
REDUCE POLLUTION 

.C) 
/ 



0 To FURTHER THE UNDERSTANDING 
OF THE CHEMISTRY AND PHYSICS 
OF THE ENVIRONMENT 
- TO APPLY THIS IN THE FIELD 

OF METEOROLOGY AND 
CLIMATOLOGY (ATMOSPHERIC 
MODELLING) 

) . 0 To PROMOTE STUDIES OF· THI; 
INTERACTION OF THE ATMOSPHERE 
WITH THE MARINE AND 
TERRESTRIAL BIOSPHERE 

-
0 To MEET THE RESPONSIBILITIES 

OF WMQ TO PROVIDE LEADERSHIP 
AND GUIDANCE FOR THE 
PROTECTION AND MANAGEMENT OF 
THE ATMOSPHERIC ENVIRONMENT 



GLOBAL ATMOSPHERE WATCH ·~ 

ESSENTIALS 

0 RELATIONSHIP ATMOSPHERIC 
COMPOSITION AND CLIMATE CHANGE 

0 IMPACT OF CLIMATE CHANGE ON 
ATMOSPHERIC CHEMICAL 
COMPOSITION ·) 

0 LONG RANGE TRANSPORT AND 
DEPOSITION OF POTENTIALLY 
HARMFUL SUBSTANCES 

0 ATMOSPHERE/OCEAN/BIOSPHERE 
CHEMICAL CYCLES AND 
ANTHROPOGENIC IMPACT 



J 

.J 

0 

0 

0 

ELEMENTS OF GAW 

GLOBAL OZONE OBSERVING SYSTEM 
CG030S) 

BACKGROUND AIR POLLUTION 
MONITORING NETWORK (8APMoN) 

DISPERSION, TRANSPORT, CHEMICAL 
TRANSFORMATION AND DEPOSITION OF 
ATMOSPHERIC POLLUTANTS OVER LAND 
AND SEA ON DIFFERENT TIME AND 
SPACE SCALES 

0 EXCHANGE OF POLLUTANTS BETWEEN THE 
ATMOSPHERE AND OTHER ENVIRONMENTAL 
COMPARTMENTS AND INTEGRATED 
MONITORING 
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EMISSION RATES OF SMOKE PARTICLES 
AND TRACE GASES 

THE VERTICAL AND HORIZONTAL EXTENT 
OF THE SMOKE "PLUME" 

THE CHANGES IN CHEMICAL 
COMPOSITION DURING THE EVOLUTION 
OF THE "PLUME" 

0 VERTICAL PROFILES OF ATMOSPHERIC 
SHORT AND LONG-WAVE RADIATION 

0 PHYSICAL AND CHEMICAL PROPERTIES 
OF THE SOOT (HYGROSCOPY, 
SCAVENGING POTENTIAL, CHEMICAL 
TRANSFORMATION, COAGULATION, 
CONDENSATION NUCLEI POTENTIAL) 



-

- EMISSIONS AND SOURCE 

-

-

-

CHARACTERISTICS 

CLIMATOLOGICAL DATA IN THE GULF 
REGION 

ANALYSED 6 HOURLY WINDFIELDS FROM 
1 FEBRUARY 1991 ONWARDS 

SYNOPTIC METEOROLOGICAL DATA 
(INCLUDING PRECIPITATION AND UPPER 
AIR DATA) OF THE REGION 



() 

- URBAN AIR QUALITY CLIMATOLOGICAL 
MODELS 

- TRAJECTORY CALCULATIONS WITH 
PREDICTIVE CAPACITY 

- REAL TIME OPERATIONAL REGIONAL 
SCALE TRANSPORT AND DEPOSITION 
MODELS (FOR MONITORING ASSISTANCE 
AND REGIONAL IMPACTS) 

- GLOBAL CIRCULATION MODELLING 
(CLIMATE EFFECTS, SCIENTIFIC 
ASSESSMENTS) 
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ft89 @I, RfWW"1WWTVB CF 7JW S8 HRI"Nrf:(Df)W, 
'I,D I I .1<1 liiiJtTR TWTTfP P'm'Ji§ RKRI$ 

m !TIJfi'Sl 'I1JR lJHCl' w a J:IBUIC w. •zs 
Nl) mJiiR DNllDiiE2flN. <XI§8 liE& jS CP 2JE PI! CDitJj[Cl' 

Mr. <bairwan, ; 
n;~~n"'-' dpl.cu•tes 
......a..,g-....a~ ~, 

By a stran;Je twist of fate I have hal;! the unique - arxl, I may ad:i, 
unenviable - experieoce: to behold, within the space of a ffM 110nths, the 
devastation caused cy the t\..Q greatest man-nade enviroraoontal disasters 
hurranity has ~: O'lernoi:Tjl in April; ard then, in early Q:;toter, the 
bJrni.ng oil wells in Kuwait and the ~-ravished desert, air and marine 
envirornrent of the Qll.f. 

In both cases the Secreta.J.y-General has given me special 
resp:nsibilities .to CXJOrdinate activities arxl seek the best means of 
I!Obilizing international ~tion to =teract their cataclysmic effects. 

'!he causes of these t\..Q sarbre remiirlers of the fragility of the 1o10rld 
in wch we live toere very different. Yet there are striking siJnilarities. 
Both were unprec::enjented in 1:J'¥lir s=pe arxl nature. Both toere insidioosly 
pervasive in their CCll{laSS, disdaining man-made frontiers, spreading their 
evil harvest irrliscri.minately in re;Jions far fran the original site, and 
sowing fear arxl anxiety in their wake. In a ~oerld \<oUere the ~oerds 
"international" arxl "interdeperrlence" have beca1e CClliii:lnPlace, these events 
gave them a neM arxl sinister Ireal'lil'g. 

Even 110re strikingly, roth ha~ will stretch over tllne as well 
as space. Sane of their consequences are i:nmediately arxl hideously visible. 
Others are not, arxl cano:Jt be measured accurately, or ccunteracted, except 
with the passage of years arxl careful arxl sustained rorritorirq. '!he ccst.s in 
either case are t:iu; incalculable with any degree of precision rut inevitably 
very high. 'lhat means the even 110re difficult task of ensuring sustained 
international interest and StJF.PC>rt over many years durirq lo'h.ich nfM disasters 
will predictably capture the headlines. 

I have already addressed this Ccmni.ttee on the subject of O'lernot1jl on 
17 October. But in the context of yoor broader diSOJSSion on environment, it 
seem:d to me irtp:>rtant to bring out the affinities be~ these tloU 
~~ each in its C7i/J'l way so peculiarly characteristic of the hazards 
faced l::7j - in:leed, caused l::7j - hurranity at the end of the twentieth centmy. 

It was no doubt with these kird of analogies in mi.rrl that the 
Govei'TJITel1t of Kuwait requested the Secretary-General to make similar 
arrangenxmts to those for <llernot1;{1 in respect of CXJOrdinatirq efforts to 
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=ter the inpact, in Kuwait ani the regioo, of the b.Irl1in} oil wells an:! ·/ .. ) 
other environmental c:x:nsequenoes of the Gulf ccnflict. In response the . 
Secretary- General ~inted me as his Personal Representative oo 
19 Sept.eni:ler. 

It was in this capacity that I Dade a first visit to Kl.lloW.t in early 
o::tober. MUle there, I had discussioos at the highest level af goverimit, 
meeting with His Highness, the Ehlr, His Highness, the Cro!oa1 Prime ani~ 
Minister, an:! His Excellency, the Dep.rt;y Prilre Minister ani Kini.ster of 
Foreign Affairs. I also had extensive talks on technical aspects of the 
prct>lem, notably with Or. Al:dul RahJ1an Al-Awadi, Head of the Emergeix::y 
Environmental Ccmnittee an:i Executive Secretacy of the Plegiooal Organizatioo 
for the Protection of the Marine Environment (l<o'ho I am delighted to see will 
l:e givirq this O:mnittee the benefit of his ·¢ensive and first-harx:l 
experience) an:! with the Kuwait Envira1Jilel1tal Protectioo COUrcil. ~ Illf 
mission I was ac:x::arq:enied l:1j representatives of UNEP an:i tJIDP to ensure 
c::cr.sistency with ~<.Urk already in hard. 

M:Jst li1eii'OrCibly of all, I was taken to see the 1:urn.irq oil wells 
therrsel ves, l:1j land, an:i f1C1N11 l:1j helicopter over the waters an:! lan:is laid 
waste l:1j war. It has left an ID:lelible impression. 

So nuch has men written, an:i so many voli.IJIIiJn.Js stu:lies are 
available, that it t,OJJ.d be superflUCA.lS for me to ad:i to them here. I woold 
only say that, whatever one has read, or even seen portrayed in ~ or 
filns of the disaster, pales into insignificance CCiq:lai'ed to the reality. At ··•J 
the end of the mad, as far as it was safe to rp, we fourrl rur way l:::arred l:1j ~ 
an impenetrable wall of billc:Mirq black sm:lke, hUJ"rlreds af nettes high, 
interspersed with great l::orsts of flame, generat.irl; intolerable heat. 'Ihe 
thuroerirq roar of gas expelled fran the wells made speech virtually 
:in'possible. All aro.m:l us, the desert surface itself was a blackened crust of 
tumt oil, flecked with charred vegetatioo an:i interspersed with large lakes 
of oil. · 

Dante's Inferno was the i.Jwlecliate CCI!p:lri5a'l that came to rnird - his 
words "All hope abandon, ye l<o'ho enter here" never rang 'lll:lre true. 

And yet, if humanity has ~ a deplorable capacity to heap disasters 
oo itself, it has also shown a remarkable resilience in dealing with them. 
~the fUll extent of the oil well fires was first krlclorl, estimates of the 
tiloo needed to quell them exteroed into years. I was lllXil struck l:1j the 
remark of a senior official of the Kuwaiti Oil C'atpany, that loben contingency 
plannin:;l for an eventuality of this sort was urrlertaken in the United states 
while the cooflict was still ragirq, the ''~.erst scenario" was 100 wells. '!he 
verdict was that, beyood that 1'lll11tler, it loOll.d be .i.mp:Jssible to rope. 

Notwithstandirq, on 6 Novenber the last oil well, of a sta9;Jerirq 
total of 732 originally on fire, was cal"'{"'rl, l:arely seven Jt'OI'lths after the end 
of the war. It was particularly fi~ that this should be <Dle l:1j a Kuwaiti 
team, an:i I woold like to draw attention to the fact that that team was headed 
l:1j a Kuwaiti ~engineer, Miss sarah Salah. 
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'!he cawirg of the oil wells was a I."E!!ral'Kable adll.evenent cy any 
starx:Jard. It was made possible cy an tulpLeoedeuted deausLLatioo of 
internaticoal cx:qJeratioo, involving twenty-seven teams fran nine camtries, 
awlyirg many different, an:l often in;JeniQ.lSly inventive methods to querx:n the 
flames, an:l all ~ in a1m::st intolerable a:n:liticns of heat, ooise an:1 
daily danJer. 

Yet, while we awlaui this rut.ccme we l!l.lSt ~of the~ of 
~luiirg that the \oPZ'St is In~ ewer. It would be tragic iroeed if the 
act of ext.i.n;Juisl'lin; the; last flames, IO!'x:se ap:x:aJ.ypt.ic illages have 
captured the attentioo of media an:l p.lblic alike cwer these nrrrt:hs, were 
to signify also the extirr:::tioo of intematiooa.l cx:n:ern an:l interest • 

. ,\ 

'!he effects, as I said before, are likely to be with us for many 
years to care. Nor are the problerrs coofined to the~ of the 
b.lmi.rg oil wells: there is also the effect of oil spills into the 
waters of the Gulf; the arnipresence of mines; the problem of hazardoos 
waste; the depredations cause:i to the fragile ecola;JY of a desert cy 
ITDdern warfare. 

'!he resultirg envirormental problerrs can be divided into three nain 
areas of ooncern: 

air pollutioo, an:l its effects oo the health of the pop.!].atioo 
(especially for particularly vulnerable grtlUI:G -the elc]erly, 
children, asthmatics, people with chrc:nic btcn::hitis or cardiac 
dis"ases) 

lan:l pollutioo, an:l its in'plications for grazirg an:l agriculture, 
an:1 the danJers to the delicate ecology, flora an:i fauna of the 

···desert 

marine pollutioo, an:l its effects Cll the l!ai'ine environment, 
fisheries an:l wild life · · 

'!he latter ~ inevitably also pcl6E1 an aclliticnal health risk for 
the pop.Uatioo, throogh the cx:nsuDptioo of polluted agricultural prod\x:e, 
an:1 throogh their dependence crt the marine environiiart: as a saJrCe of 
drinking water an:l food su.::h as fish an:l shrinp. 

In awroaching l!tj task, I have been =nscioos of the need to avoid 
duplicatirg anythirg that has teen done before, or that is already 
urrlerway. 'Ibis is harder than ooe might think because the sheer enormity 
of the disaster has IJJ:ooght forth a nultiplicity of resp:xlSE!S fran 
innumerable an:l diverse so.JrCes - governmental, non-governmenta, UN 
system, academic an:l scientific institutions, private sector an:l 
irrli vi duals. 

It also seemed very clear to me fran the outset that, in. 
coordinatirg the actions an:l I!Obilizin;J sustained internaticnal suwort 
for the very lorq process of rehabilitatioo that lies ahead, three main 
aspects l!l.lSt be aO:h'essed: 
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nm. an1 fOI~~ thethette:w aspectti • E!l~':f~~~ thesurvey • :) the assessment of ..... '¥""-'~, J.ca crt of ~.....,. ......... ~ ...... .,,. .. 
design of the acticr.s ~ to be taken; 

seam, the irrt:ernat.icna aspect am the need to qi ve praninence to 
the clin:ensicr.s of the prcblem am its 1o0rldwide signifie800e crt a 
sustained l:.asis; 

.lbi.m, the provisicrt of adequate rvryH rg am other resoorces to 
ersure i.JttllE!Inel1taticrt.of the agreed Plan of Acticrt. , 
Tec!Jnirnl as~ 

'·· 
'Ihe tedlnical aspect is, UOOerstandabiy, the one in ..tddl ~rk is 

JOCSt advan::ed, especially as regards assessment of i.1rp:lct arrl prelilninary 
identification of needs. O:nsideri!YJ the short lap;e of time since the 
cessation of hostilities arrl the alm::st insuperable obstacles faced, I 
~d gv so far as to say spectacular PIOJLess has been made. 

I was prrticularly .iJtpressed cy lotlat has been achieved cy the 
Kuwaiti aut:OOrities themselves, under the able leadership of Dr. 
Al-Awadi, despite the fact that their Scientific research capability, 
in::lu:l.i.rq equiprent arrl recOids, has been decilnate:i. Many other 
coontries in the Gulf re;Jioo are, of coorse, also very active, am the 
l<ol:>rk of the Regicrtal Organizatioo for the Prctectioo of the Marine 
Environment (roFME), rrM expaOOed to other areas as well, has also l:JeeO 
of key inprtanoe. So has the ccntrilutioo of the 5alXti nahlan 
Kgtecrology an:l Envirorurenta1 Protecticrt lY:}ercf, especially in assessirg 
an1 cleanin;! up the damage dcne to coastal areas an:l the marine 
envi.ronment cy oil spills in the Gulf. 

Nor has the intematicrtal CXI!IIJ.Illi.ty stood idly cy. An early 
a.ssessrrent was made cy the W missicrt led cy . · 
Mt-. Al::du1rahbn 1ll:be Farah wch visite.:i Kuwait fran 16 Mardl 
to 4 ~.pril, ard I would particularly rerer yoo to secticns IV arrl v 
(paras. 136 - 225) of that missicrt'S rep:>rt to the Sea.lrity OXJrx::il 
(S/22535) of 29 April 1991. · . 

In the ensu.ing weeks all the relevant agerdes of the UN system 
~rked energetically crt the prcblem I.IOOer the leadership of UNEP, an1 in 
close cooperation with roFME. I have had the benefit of a p:rsona1 
briefin3 m these activities fran Dr. M:Jstafa ToJJ::a, the Executive 
Director of UNEP, as well a5 fran Dr. ~ -Awadi. . ... .. ..., 

........ . I 

'!his has been .!d;ituatioo in wc:h the smaller tedmical agencies, 
prrticularly 1M:) arl:IIMl, have been able to denonstrate their value. 
other UN agencies W-orgamzatioos involved have been UNDP, woo, FNJ, 
IAEA, UNCllS (Habitat), IOCjtJNESCO, UNIOO am t.JNI:R). In ~ticrt, 
OOI'KJO'lerrme!'ltal organizatiOil$ •such as the l«<:>rld Conservation Union 
(IJXN), the l*:lrld WidE;! .Fund ·for Nature ("VMF), Earthtrust, Friends of 
Earth, and Green Peace, and a host of research instituticr.s contr.i.J:uted 
to this collective effort. Many of these activities were financed cy 
Member states on a bilateral l:esis or ~ the UN systau. 
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As a result, a report oo the first J;ilase of an Inter-}qerx:y Plan of 
k:t.ioo, carpdsirg initial surveys ard preliJni.naJ:y ass ; : sue tts, 'loi6S 
presented by UNEP to a ministerial neetirg of ROmE oo 16 - 17 OctOOer 
ard aa:.epte::l as a f~ for future~. 'Ihe ilmmiate future~ 
CCI'lSists of~ up detailed ard oosted fUOO:JLamtes ard projects to 
ad:1ress the prOOl.ens identified in the first Plase dcol!!'Ent. 

..• 

It is OOped that this will provide the tasis for a dcoment to be 
prese;;ted, am:::n:J others relatin'J to cxx.mtries outside the Gulf area, at 
the F\mdin:;J strategy Meeting for the Pl• \Csecl Prcyrame for the 
Socio-El:Xo::1nic ard Enviralmental Revival of c::nmtries Affected by the 
Gulf Crisis, beirg convened in New York oo 16 DecaTter by the United 
Nati~ Develcpnent Prcyrame, in re5p:nse tO'· .. a decisioo by its Governi.rq 
Councal. ' 

I am sure that Dr. Al-Awadi ard Mr. Mansfield (the representative of 
UNEP) will be adiressin;J the technical aspects in their stat:em=nts to 
this C::mni.ttee, so I will not dwell on them here, except to stress oo:::e 
again the essentially open--erded ard lorq-term nature of the~ 
lotrich nakes ilmlediate definitive assessllel'lts i.np:ssible. 

· let me illustrate this as re;JaXds the effects on health. All of the 
m::oi.torin;J stu::lies carried art:, l<tlether by the Govatutent, the UN system 
or other outside technical group:;, seem to concur that, so far as Kl.lloW.t 
is CCilCE!L'I1ed, by a fortunate chance of meteorolcyical ccn:liticos, the 
unexpected evap::>ration of sane.of the toxic elemants in the SI!Oke plume, 
ard the rapid actions in p..rt:t.irq rut the oil fires before seasonal wind 
directions veered consistently in the directioo of Kuwait City, the 
ilrpact has not been as severe as could have been feared. 

I lli..1St sltess, rowever, that these ol::servations refer ally to the 
iltrnediate, srort-tenn, effects 00 health caused by the SIIXlke ard other 
pollutants OC1ti no 1~ bein;J ejected into the a~. ·No ooe knc1.ls 
lrtlat the lcn;JE!I""term effects oo health can be, sirx:e no pcp.Jlatioo has 
ever previcusly been exp::.sed to this particular {Delurenoo, ard it will 
require a very 100] period of IID'litorin;J before these a:nsequences can be 
reliably detemined. '!here is also the incalculable psycb:>logical effect 
inflicted oo the pcpll.atioo lrtlidl has been subjected to the unnervin;J 
experieoce of an awarentlY penzanent e::lip;e of the sun, of day turned 
into night, ard the anxiety and stress of not ~ lrtlat form the 
ultiJnate effects will take - another d'laracteristic in CCIIJia1 with the 
victilns of <llernctlyl. 

International ""'P'9t 

As I have intimated, in a<Xlition to the CJI'Y30in9' tedmical ~rk, a 
najor c:hall~ will be to naintain internatiooal ooncern ard suwort. 
We lli..1St be very clear that this is not just a problem - ~er 
deplorable - affectirg a limited number of uari:er states in a p3rticular 
regioo. 

It is an international problem: the fall-art: (if I may use that 
term) has already been experierx:ed in nany places ruch farther afield. 
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Jobre i.np)rtantly, it is of c::oncern to goverrments ard peoples 
everywhere. A vital p3rt of cur mlitul ard universal heritage is at 
stake. And the lessens that scien::e ard societies ~can derive 
fran this tragedy are ccuntless. 'Ihe initial favcmable Iesp:tiSe fran 
countries in the first llalths of the tragedy IILISt be continued. 

I am therefore putia.Uarly pleased that the issue is being given 
the prcrnineoce it deserves in this camlittee ard hope that this will lead 
to cooclusions that will ensure that it is kept squarely in the sights of 
the General Assellbly an:i, of the intematiooal mmunity in the future. 

' I believe it is also very inp)rtant that it sh:::md receive special 
attention at the Unita:I Nations Conference on Environment arrl Developnent 
in Rio de Janeiro in June next year. · . 

... 

Bffi:Ur'CeS anj furrl j M 
: 

SUstained urrlerstarxling of the ilr{:ortance ard international nature 
of the issue is of OJUrSe also vital to the assurance of adequate fun:ling 
fran a wide variety of sources. 

I have no illusicns that fund-raising will be easy. At the present 
time, given the inqxlrderables I have Da'ltioned, it is ilrp:ssible, ard 
~d be rash, to atl:e!!pt to give a gld::e.J. figure of the likely cost. 
All one can say with sane certainty, is that it will be in the range of 
several billions of oollars. A l!Ore precise estimate can be made, I hope 
relatively soon, as the work· of preparing casted progranroos ard projects 
evolves. 

'Ihen there is the questioo of 1ot1ere the resources will mne fran. 

UNEP has nanaged to raise a fund of US $ 2. 6 millioo b.Jt this is 
already either spent or cx:mnitted for initial tecl1nical worlt. 

It shculd also be noted that internatiooal cooperat.i.<:n is required 
rot only in the form of llU'rli!'f, b.Jt also in kirrl, ~ the provision of 
services ard equiprent, loan of scientific personnel, etc. ~ very 
inp:Jrtant first requirenent is to restore the shattered research 
capability of Kuwait itself. 

'lhe quest for fun:ling should also be varied ard wide-ranging, 
ertlracing non-goverrunental. organizations ard scientific institutions, 
universities, etc., as well as goven111a1ts. 

'Ihree min soorc:cs spring to min:l.: 

the UN Conrpensation Furd 

Kuwait ard the governrrents of the regioo 

the internatiooal camnunity 

As to the first of these, UN Security OJuncil resolutioo 687 
inclooes damage to the environment ard to natural resources 8I!Dll3' the 
areas for which claims my be made on the Q:>nqJensation Furd. I have had . 

J 
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prelimi.naxy cx:awersatiais in Geneva with the Chairman of the Fl.l!Jj's 
Governi.n;J eourx::il arrl its EKecutive SOCretacy a00ut the best way of 
proceedim in this regard. ~le there is agreenent that this aven.~e 
lll.lSt oertain1 y be pirSUed, there is 1ecx.yn.i ticn that the pnx:ess is 
likely to be len;t:hy. 

. ' 

As a result - arrl here I pass to the seccn:i en rtr:1 list of cateq:>ries 
- ~t, Sau:ti Arabia, Iran arrl other cx.ontries i.n the reqicn have 
already spent considerable sums in clean-up an:i assessment operatic:n;. 

I have been assurErl that this will cart:inue, l:ut there is an 
urrlerstardable feeli..rq that the full l:m'den 'of ~yments for an 
international probleo with bnplicatic:n; for niany otOOr cnmtries an:i 
peoples should oot fall on the reqicn alone. ' · 

z.breover, the oil ~1 fires have had a severe ecorx:mic i.Jrplct: on 
Kuwait in addition to the enviranrrental oonsequences. Fightin:j the fires 
is estina.ted to have cost the <::cm~try US$2 billion. Asse:sslre'lts of the 
damage to the wells thetrselves are still not CCilplete l:ut the QJvernment 
estilnates that 2% of the c:xxmtry's 100 billioo tarre1s of reserves has 
~ lost an:i that up to 30% of the wells will have to be al:en:Xxled. 
Baiely 45% will be able to retum to production with ally minor repairs 
an:i overall productioo is not expected to return to its fonrer levels 
before 1994 • 

. ) Aside, therefore, frau the international d1aracter of the disaster, 
the financial iirq:lact en Kuwait is very great. 

For all of the reascos just cited, it is therefore rtr:1 l'qle, an:i that 
of the Secretary-General, that the international ccmrunity, drawing, as I 
S1..lg;1e5ted earlier, rot only oo the resources of rerrber g:::r.rernnents l:ut 
many others as well, will also respon:l generoosly. lohat we hq:e to do, 
through a concerted effort of the UN syst:au, is to assist the governments 
of the regioo an:i R:9IE in their efforts to draw up a detailed plan of 
actioo wdl will provide a valid f~k for all assistance provided, 
in wtever fonn an:1 throogh wtever channel. cnly in this way can the 
opti.nal use of oontrib.Itic:n; be ensured for priority areas of action. 

In speakirq of resources, I have also to nention that sudl work as I 
have done so far has been acccmplished "within available resources". My 
~ office is tiny arrl as the work gathers IrO!TlCI1turn will be \.D'lable to 
cope without sare nx:dest strengtherlin;J. I hope this can be lx>me in rni.rl:I 
when the o::mnittee decides on future actions. 
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xxxxxxxxxxx 

Mr. Olainlan, dist:inguished delegates, my aJ;PJillblent as the 
se:::.retary-<:eneral's Personal Representative t.oak effect ally a few~ 
aq:l. So far, I have, as I said, visited Kuwait at the invitation of the 
Gove.t'rllrent, !lade persooal. CCiltact with all the UN organizaticns involved 
or likely to Le:x:tne involved, arrl ocnsulted with the UN Ch¥SIS!ltioo Furd. 

Tire and limited resoorces have not made it possible for De to visit 
the other co..mtries in 'the regioo that are inmediately affected arrl to 
have the irdispensable cx:nsultaticns oo the gro.lrXi required to CXI!{lletelt 
the roany rep:lrts I have read. '!hat is lotly ~ statenent today nay seem to 
foous rrore nanu.~ly. I want to make clear tj:lat it is my intentioo, early 
in 1992, to make a wider visit to the area, providing, naturally, that 
this is the wish of each gcNernment con::erned. 

Mr. Olainran, a very lorq arrl cliffiaJ.l.t task - of rehabilitating one 
of nature's IOCl6t precious preserves, arrl of protecting arrl IIO'litoring the 
hunan l:eings whcse health has been placed in jeopardy - lies ahead of the 
internaticnal cx:mrunity. I oo believe, !v.lever, that, thanks to the 
efforts already deployed oo so many sides, we have a scurl J::esis to rove 
forward. What we need now are tb:lse all too rare qualities of sustained 
catrni tJDent and perseveran:::e. 
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Preliminary Scientific Report Kuwait Oil Fires 

INTRODUCTION 

On June 4, 1991, scientists from Bahrain, Oman, the Federal Republic of Germany, the United 
Kingdom, and the United Sates met in Manama, Bahrain, to discuss preliminary observations 
related to the smoke plumes from the oil fires in Kuwait. The meeting was convened by the 
Environmental Protection Committee of Bahrain. The following is a summary of the 
meeting prepared by the National Oceanic and Atmospheric Administration (NOAA). 

GROUND-BASED OBSERVATIONS 

The Manama scientific meeting was opened with a discussion of ground-based data obtained 
in Saudi Arabia and Bahrain since the onset of the fires in Kuwait. 

Saudi Arabia representatives discussed the Gulf Regional Air Monitoring Program, and 
indicated that several aspects of the program were proceeding toward full implementation. 
Gaseous pollutants of concern in Saudi Arabia have remained within allowable limits at all 
air monitoring stations. Concentrations of total suspended particulates (TSP) have also been 
within the allowable range, however peaks in TSP have approached safe limits on two 
occasions. Values for nickel and vanadium in the atmosphere appear to drop sharply from 
the Kuwait border south into Saudi Arabia. Only low levels of polynuclear aromatic 
hydrocarbons (PAH) have been observed. Temperature depressions of up to 10 degrees C 
have been noted in northern Saudi Arabia in areas influenced by the plume. 

Bahrain representatives indicated that levels of all gaseous pollutants have similarly been 
low at local ground monitoring stations, however particulate levels have been above 
normal. Especially high levels of PM10 (respirable particles below 10 microns in diameter) 
were observed in May. High levels of sulfuric acid have been recorded, however no 
baseline on this substance exists for comparison with the levels observed. 

AIRCRAFT MEASUREMENTS 

As of 9 June 1991, there have been four aircraft involved in the smoke plume investigation. 
The following table summarizes operational details regarding the four programs: 

Flight Organization 

British Meteorological 
Office - UK 

University of 
Washington - USA 

National Center for 
Atmospheric 
Research - USA 

Goethe University -
FRG 

23 Mar- 31 Mar 

16 May - 15 Jun 

19 May - 4 Jun 

18 May - ? 

Aircraft 

C-130 

C-131 

Electra 

Piper 

Flights Flight Hours 

8 57 

12 77 

15 97 

16 55 



Flight Program Objectives () 
The objectives of all of the above programs have generally been to: 

• To characterize the physical, chemical and optical properties of the plume and 
determine changes in the plume's characteristics over time. 

• To determine the effects of the plume on atmospheric conditions. 

Smoke Distribution 

The distribution of the plume varies form day to day depending on meteorological 
conditions. In stable conditions, with low wind speeds, the plume is shaped in the form of a 
farge cumulus cloud, extending from a base of 1 to 2,000 feet to a height of 8 to 10,000 feetar 
more. Excursions as high as 22,000 feet have been noted on some occasions. In most 
instances, the plume initially rises rapidly due to the heat of combustion. A further rise, 
termed "self lofting", has been noted to occur due to solar heating of the predominantly 
black plume. 

When the atmosphere exhibits a more complex structure with the presence of one or more 
inversion layers, the plume may separate into segments with relatively clean areas 
between layers. If the lower thermal barrier is at low altitude, smoke may occur close to the 
ground, even at long distances from the source. 

There is no indication the plume will reach into the stratosphere, a key factor in limiting 
the area of effect of the plume. Aircraft and satellites have tracked the plume to distances ,~) 
of 1000 kilometers, however at this distance the plume is generally only barely detectable. 
While it is possible that some very small fraction of the particulate material may travel 
large distances, reports of the plume reaching Hawaii and Wyoming are generally 
discounted. 

Particulate Concentration and Form 

The size distribution of particulates in the plume tends to be bimodal, with the peaks 
centered around about 0.2 and 2 micrometer diameter. Maximum concentrations of 
approximately 100,000 particles per cc have been observed near the source (the ambient 
level of particulates in clean air in the region is only a few hundred particles per cc). The 
smaller particles encountered near the source tend to form chain aggregates early in the 
life of the plume; these aggregates may tend to either fall out of breakup at later stages in 
the lifetime of the plume. 

The plume is diverse in color and optical properties. The occasional white smoke tends to 
scatter sunlight effectively, while the blacker smoke tends to be highly absorbing of 
visible light. The black smoke, however, absorbs less in the near-infrared than the white 
smoke. The plume exhibits no backscattering in the visible spectrum, but substantial 
backscattering in the near infrared. 

Most of the particles appear to be effective cloud condensation 
which will limit the lifetime of the plume. Such particles, as 
moisture clouds along their trajectory, will readily be removed 
precipitation. 

nuclei (CCN), another factor 
they encounter ambient 
from the atmosphere by 



() Chemical Composition 

The following typical and maximum values were reported for the various chemical 
constituents of the plume. (Because these were measured in the densiest portions of the 
plume aloft, they should represent maximum values that might, under certain conditions, 
be reached at the surface.) 

Species 

Hydrogen sulfide 
Sulfur dioxide* 

Carbon monoxide** 
Ozone*** 

Nitrogen oxides 
Carbon dioxide**** 

near Field - 100 km Mid-Field - 450 km Far Field - 1000 km 

Very low (specific values not yet available) 
100 to 500 ppbv 5 to 20 ppbv 1 to 3 ppbv 

0.1 to 0.5 ppmv 
20 to 45 ppbv 

10 to 30 ppbv 
400 to 460 ppmv 

<0.1 ppmv 
35 to 55 ppbv 

2 ppbv 
375 ppbv 

undetectable 
background 

undetectable 
365 ppbv 

* 
** 
*** 
**** 

Maximum value of 1 ppmv observed 15 km south of Burgan field 
Values are generally about 100 x concentrations of sulfur dioxide 
Ozone depletion in the near field appears due to formation of nitrogen oxides 
Background carbon dioxide is about 360 ppbv 

J Future Plans for Aircraft Observations 

Flights remaining for the University of Washington will primarily be directed to the 
characterization of individual plumes to allow the uniqueness of the chemical composition 
associated with various wells to be determined, and flux measurements in the composite 
plume. Thus far individual plumes have shown no striking difference in chemical 
composition based on real-time readings for the above chemical compounds. Detailed, post
flight chemical analysis will be directed at this question. 

Three additional aircraft programs are currently under development for continued 
investigation of the plumes under varying meteorological conditions: 

• A helicopter-based series of investigation of various individual plumes is planned for 
two weeks in late June. This investigation will be undertaken by NASA and EPA in 
cooperation with regional scientists. 

• A fixed-wing aircraft program in the summer season (July 15 - August 30) .is planned 
by the Department of Energy (Battelle Laboratories). This program will be undertaken 
aboard a Gulfstream I aircraft. 

• NOAA plans a winter study for the month of December aboard a P-3 aircraft. 

Detailed plans for the above programs are currently being prepared for the approval of the 
host governments. 



DATA MANAGEMENT 

Two to three years will be required to fully analyze the data collected fonn the variety of 
aircraft and ground-based programs undertaken thus far. In order that scientists in other 
nations may participate effectively in the data analysis process, agreement was reached 
among the investigators to rapidly make raw data available in a fonn that lends itself to 
independent interpretation. 

Agreement was reached among the investigators to share raw data from ground-based, 
aircraft, and satellite obsevations, under the auspices of WMO. The US National Center for 
Atmospheric Research (NCAR) agreed to adapt specialized software programs developed at 
the Center for archival, display, and analysis of the combined data set. in general the NCAR 
data management program allows the analysis of data obtained from a variety of sources at a 
specified time and location. This would enable, for example, the correlation of ground
based measurements with aircraft observations taken near the same location at the same 
time. A subsequent meeting was scheduled to refine this concept. 

FOLLOW-UP BRIEFINGS 

On June 5, NOAA and the University of Washington briefed the American Embassy in Kuwait 
and the Kuwait Environmental Protection Council on the outcome of the June 4 meeting. 
The Kuwait EPC offered considerable background data obtained within the country that will 
contribute to a fuller understanding of the scope of the problem. 

On June 6, NOAA briefed the American embassy in Riyadh on the findings of the meeting, 
followed by a briefing on the American Embassy in Manama on June 8. Further briefings 
in UAE are scheduled later this week. Briefings for the WMO staff are planned for June 10 ... ~ 

·.~ 
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Why are the Kuwaiti 
Oil Fires an. 

Important Research Topic? 

Resulting black smokes were forecast to 
have a host of disastrous environmental 
effects, including: 

- Global cooling via the nuclear winter 
hypothesis _J 

- Modification of global and regional 
weather patterns, including interruption 
of the Indian monsoon 

- Regional cooling and heating 

- Regional precipitation modifications, 
including precipitation· amounts, acid 
rain and black rain 

- Release of greenhouse gases 

• 
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Why are the Kuwaiti 
Oil Fires an 

Important Research Topic? (cont.) 

• Concern about toxicity hazards to humans 
and marine life, as well as other threats to 
both. These threats included: 

-· 

-

Emissions of highly toxic hydrogen 
sulfide 

Eniissions of other toxic trace gases, · 
including those trace hydrocarbons 
considered potential carcinogens. 

Respiratory threat from high 
concentrations of submicron particles 

Deposition on land and sea of large 
soot particles and unburned oil droplets 
coating and possibly killing food chain 
elements. 

. 2 

0 
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Why are the Kuwaiti 
Oil Fires an 

Important Research Topic? (cont.) 

Finally, and perhaps in the long term most 
importantly, the fires provide an 
exaggerated example of anthropogenic 

. pollution. Given the difficulties of 
establishing cause and effect for more 

,:] 

benign examples of pollution, exaggerated · 
examples are often keys to understanding. .. ·:] 

• 
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The Kuwait Oil-Fire Smoke Experiment 

Primary Objectives · 

• To characterize the regional emission rates 
of smoke particles and trace gases. 

• To measure radiative properties of the 
smoke particles and the radiative effects of 
the plumes with attention to how radiation 
affects the altitudes of the plumes and the 
stability of the atmosphere. 

) • To measure characteristics of the smoke 
particles, i.e:. size, shape, composition, and 
optical properties. 

• To evaluate the degree to which smoke 
· particles are scavenged in clouds their 
subsequent effects on composition and 
radiative properties of clouds. 

• To measure how the properties of the plume 
change with time. • 

• To study regional weather anomalies 
associated with these smoke emissions. 

J 
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The Kuwait Oil-Fire Smoke Experiment 
Box Score on Primary Objectives 

• Successful characterization of emission rates of 
pollutants. 

• Excellent multi-spectral radiometric data on 
the plumes and dynamic measures of solar 
forcing of stability of the atmosphere. 

• Excellent full characterization of the smoke 
particles~ 

• I .imited data on smoke/cloud interactions and "J 
scavenging due to a lack of clouds. Important 
finding that most of the mass of the smoke 
particles are cloud condensation nuclei 

• Successful characterization of plume 
transformation out to ranges ·of 1600km ( 48 
hrs) downwind. 

• I .imited observations of "weather anomalies" 
beyond observed dynamics, radiative, and 

• 

stability changes. 
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Participants on Electra 

NCAR 
Baumgardner, Cooper, Kok, 

Luke, Radke, Schwiesow, Twohy 

SRI 
Bruce Morley 

University of Hawaii 
Antony Clarke 

Drexel University 
Alan Bandy 

NOAA/ERUCIRES 
~arry Bodludne, Russ SchnelJ, Pat Sheridan 

Desert Research Institute 
Jim Hudson 

NIST 
George Mulholland 

University of Rhode Island 
Barry Huebert 

Bahrain Environmental Protection Committee 

• 



KUWAITI SM·OKE 
.. ~ 

HIGHLIGHTS AND SURPRISES 

• Smoke was optically far whiter than . 
. expected .... ro = 0.5 ... 0.6 (JP-4 pool ... .. 
fires ro = 0.3, forest frres 0.4 - 0.9, 
water clouds 0.99). · · 

• Solar self-lofting was observed, but 
dilution makes it self limiting. Most · 
smoke remained below 3km. A 

. small fraction lofted as high as 6km 
in 24 hrs, but no smoke was seen to 
go higher after 48 hours. 

• so2 flux smaller than expected based 

• 

on fraction of S thought in fuel. . ·~ 



• Contrary to some predictions smoke 
· particles were found to be very _ 

effective Cloud Condensation Nuclei. 
CN/CCN ratio. approached 1.0! 
Obviously acts to reduce the smoke's -
tropospheric lifetime . 

. )• Oil precipitation was found up to 
lOOkm downwind. Directly emitted? 
Condensation and coagulation? 

• At smoke ages of -48 hrs and 
distances down wind of -1600km 
concentrations were approaching 
"nottnal" levels of urban pollution . 

. J 

-·----· --------
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Atmospheric Residence 
Time of KuWaiti 
Smoke Particles 

Scientists from the National Center for 
Atmospheric Research, Britis~ Meteorological 
Service, and the University of Washington . 
concur: 

-

• Early suggestions that the smokes 
would be "hydrophobic" and thus 
resistant to atmospheric removal 
processes have been shown to be · 
WRONG. 

+ The smokes have proven to be largely 
"hydrophilic" acting as the nuclei for 
cloud. droplet formation. This places 
them in the class of _particles most 
easily cleansed from the atmosphere. 

• 

J 
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Atmospheric Residence 
Time of Kuwaiti 

Smoke Particles (cont.) 

Early suggestions that the smokes 
would rise rapidly in the atmosphere by 
solar self-lofting and thus escape many 
particle scavenging mechanisms has 
been shown to be largely 
INCORRECT. 

+ Solar self-lofting was observed, but the 
(~. combination of a rather low initial 

stabilization height for the plume, 

<J 

· larger than expected smoke albedo, and 
dilution have acted to LIMIT self-· 
lofting and render it an interesting, but 
inefficient mechanism. 

2 . 
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On June 1, 1991, the Kuwaiti smoke plume was over. 
Bahrain ( ==350 Km downwind) producing a bright hazy 
s~ and dark horizons. The aircraft cl~bed to the top 
of the smoke plume.· 



,J Two transects of the Kuwaiti smoke plume on 
May 27, 1991, 200 km downwind of the fire. 
The first was at 4,250m near plume top, and 
the second at 3750m. 

J 

so.-----------------.150 
4,250 m Alt. 3,750m Alt 

~- 100km -+---~ 
<? 

~ 
100 2. 

11.a 1 .7 1 .a .9 
DECIMAL HOUR GMT (June 3, 1991] 

Time series of total particle concentrations 
larger than 0.003#fil. ( - ), larger than 0.015 

~· 
@) 
z 
0 
Ill 

~ 
0· 
~ 

~ 
Ill 

pm. diameter ( .. _ ) and· the mass concentration · 
of elemental (black) carbon ( A ). The data 
suggests photochemical production of nuclei 
mode particles near the edges of the plume. 



Kuwaiti oil fire smoke particle 
size distributions J 
( differe_ntial mobility analysis by 
T. Oarke, ·University of Hawaii) 

20000------------__;_---,-60 

15000 

-8" 10000 . 
Cl 

~ 
"0 -z 
1:15000 

-30C 

-300C 

.. 
......... 

/.. ·· ... 

' \ ............... ~ 
.· ~ 

50 

-C') 

40 ~ 
. C') 

E 
::J -

30 0: 
0 
Cl 
0 . ;::. 

20 "0 -> 
"0 

10 

Number and volume distributions of the smoke on 
June 3, 1991. 

J 

Samples are heated to 30°C to remove water and then . 
300°C to remove remaining volatile fractions. .. 
Roughly 30% of the total particle volume (mass) was 
removed at 300°C. Data shows that the number· mode 
was internally mixed, while the volume mode was J 
externally mixed. 
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LONGl:'l'ODE 

Marked convergence in the horizontal wind field 
was a frequent opservation during penetrations of 
plume perpendicular to its axis. 
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A Passage from Day to Night 

a transect of the center of the 
Burgan oil field 

(350 wells ablaze) at 500m (MSL) 
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Approaching the oil field we note a steady · · 
. sw~ and the changes in surface albedo causes 
marked variation in swi. Both visible (SW) 
went to zero inside of the plume. VERY 
DARK! 
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Observations· of C02,- CO 
and CH3 

(Communication from T.J~ Conway, NOAA CMDL 
and G. Kok, NCAR) 

Emission of CH3 (methane) and other ·light 
hydrocarbons are surprisingly low. 

+ This indicates that these gases (like H2S) 
are efficiently combusted and that there are 
probably no gas-rich wells which are not 
burning. 

• C02 emissions are rather large but have no 
global significance since roughly equivalent . 
amounts would be released if this oil was 
used (as in normal times) as fuel. 

• CO emissions are rather low, roughly 1% 
of C02, indicating unexpectedly efficient 
combustion in what visually appears to be 
a rather inefficient one. 

+ Therefore, the fires' are a minor 
contribution to the global CO budget. 

• 



Trace gas concentrations: 
A Local Impact? 

(W. Luke, G. Kok and R. Schillawski, NCAR) 

• Peak concentrations of carbon monoxide (CO), 
O?:one (03), nitrogen oxides (NOx) and sulfur 
dioxide (S02) in the smoke plume at 130 km 
from the .fires was everywhere less than the ·· 
U.S. National Ambient Air Quality Standards 
with the exception of S02 which occasionally 
exceeded the standards. 

+ While these observations are dependent· on 
meteorological conditions (primarily wind 

· speed and mixing) they clearly provide an 
indication that beyond the local region, these 
pollutants do not constitute a hazard even if the 
elevated smoke plume were lowered to the 
surface. 

0 
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Observations of Kuwaiti Smoke 
at Great Distance 

• There are reports from Hawaii and 
Wyoming that specialized sampling has 
detected Kuwaiti smoke high in the 
troposphere. 

• Do these observations contradict the 
contentions that the smoke will be 
efficiently scavenged and inefficiently self- . 
lofted? 

• 



Observations of Kuwaiti 
Smoke at Great Distance 

(cont.) 

· .• ") 

+ At this time I see no contradiction. The 
concentrations of smoke particles observed over 
Wyoming are highest during those periods of rapid 
meteorological transport (jet stream). At the 
highest concentrations observed, Hofman states 
them to be without climatological significance - an 
interesting remnant only.·· 

+ Similarly, if the smoke wasn't self-lofted, how did~ 
they ·get to the upper troposphere? Clouds provide 
a useful (if high loss) mechanism for lofting 
smoke as does frontal meteorological activity. 
These mechanisms are the normal "lofters" of all 
pollution into the upper troposphere and lower 
stratosphere. Our interest in· self-lofting was as an 
additional and efficient mechanism for raising the 
altitude of the smoke. 

2 

• 
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Sulfur· Dioxide 
Emissions of (S02) from the 

Kuwaiti fires and other sources of -
interest (preliminary results) 

Time Amount 
Source Interval · (miiJion tons) 

Kuwait 1 year 3.2 (1) 
4.0 (2) 
6.0 (3) 

US Electric 1 year 14 (2) 
Utilities 
(1988) 

Mt. Pinatubo 2 weeks 15-20 (4) 

1) P. Hobbs, 11 July, 1991 
2) B. Hicks, NAP AP Newsletter (to be published) 
3) A. Bandy, 26 July, 1991 
4) Global Environmental Change Report, 3 July, 1991 · 

• 
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Just How Big ARE the 
Fires· in Kuwait? . 

Based on estimated oil and gas combustion 
rates and mindful of some uncertainties in 
combustion. efficiency, I calculate a heat 
release rate of about 5xl014 Joules per 

. hour.· 

• Modest t~st fires I have studied, where 
about 1000 acre_s of logging debris is 
burned in about an hour have heat release 
rates of roughly 10x1014 Joules· per hour. 

• The Yellowstone wildfire of a few years 
ago sustained a similar heat release rate · 
(twice Kuwait) for more than 30 days. 

• 



Just How Big ARE the 
Fires in Kuwait? 

(cont.) 

• The National Academy of Science 
estimates that about 1.2x1010 m2 of the 
earth's surface is burned over each day by 
deliberate and wild biomass fire. This 
yields a heat release of 5xl015 Joules per 
hour or about the equivalent of 50 Kuwait 
fires. · .· · 

+ While biomass fires and the Kuwaiti oil 
fires are not .entirely comparable, both 
yield similar (biomass somewhat more) 
amounts of smoke per unit of heat 
released. Such scaling helps us retain our 
sense of perspective for large scale fire 
phenomena. 

· + Clearly, the Kuwaiti fires are large, but 
hardly without precedent and small 
compared to global biomass burning. 

-.J 

• 



..... ~~~ •.!~ ~.,1 ?o 
ENVIRONMENT PROTECTION 

COUNCIL 

STATEMENT BY 
UR. ABVULRAHMAN A. AL AWAVi 

CHAI'RMAN OF EMERGENCY COMMITTEE, 
ENVIRONMENT PROTECTION COUNCIL (EPC) 
OF KUWAIT TO THE SECONV COMMITTEE, 

UNITEV NATIONS GENERAL ASSEMBLY 
NOV~~BER 20, i?91 



0 



'1r. Chairman 

Ladies and Gentlerren 

I am honoured to address this august body and express my 

country's appreciation for the essential role the United Nations have 

played in securing the liberation of Kuwait. 

I beg your indulgence in presenting an overview of the extent 

of the environmental damage inflicted upon my country and the region 

by the Iraqi regime and the efforts that have been exerted to assess 

the state of the envirornnent and the associated risks to human health. 

I will also address the challenges ahead and the need for an 

internationally supported programme for the rehabilitation of the 

environment and follow up of the long term health and ecological 

damage sustained hy the pecple and the natural envirorment of Kuwait. 

Kuwait and the Gulf region in general suffered the largest air, 

water and soil pollution episodes ever recorded. This incident is 

different from any other reported in history by the fact that this was 

premeditated. The Iraqi trocps discharged millions of barrels of oil 

into the Gulf and put explosives on the oil wells and detonated all 

the producing and experimental wells. Out of 943 wells only 155 were 

intact, 61J were on fire, 76 were gushing and 99 were badly damaged. 

This resulted in the ignition of 6m barrels/day of oil and 100 mm3/day 

of gas and discharge of 74J thousand barrels from the gushing oil into 

the soil. 
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The'air was polluted by thousands of tons of soot, sulfur and 

nitrogen oxides, carbon monoxide and carbon dioxides. The estimates 

about the quantities were staggering; 60,000 tons of so 2 , JOUU tons of 

~0 2 and 45,000 tons of soot. The quantity of co 2 added to the air 

ranged from l-2 m tons. These pollutants are not new to the 

environment, they are known by-products from heat generation and 

industrial activities. What is new is that they are burnt for no 

useful purpose 

unforgivable. 

What happened in Kuwait is irrational and 

The p ollu ta nts are discharged in a very vulnerable environment. 

The ground based inversion is found almost every night, eleva ted 

inversion is also very common. The background dust load is quite hi£h 

and can reach very high levels with dust s terms. The role of dust as 

carrier for the pollutants and hence as a health hazard is well 

recognized. The other air pollution problem is the high level of 

hydrocarbons mostly of geogenic source. The solar radiation and the 

probability of oxidants come with the scorching heat. This is the 

background to what is added to the pollutants emitting tram the well. 

fires. 

The real picture of the air pollution in Kuwait will never be 

fully appreciated. The air quality monitoring system was designed to 

verify the problems arising from traffic, power plants and industry. 

The problem of the well fires was not anticipated or accounted for. 

No monitoring facilities have been stationed in the townships to the ·~) 

west of the urban area or to the south on the coastal strip. The air 
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pollution mobile laboratories that were used to support the existing 

system were looted by the Iraqis. Many of the equipment were also 

either stolen or damaged. 

Two more serious handicaps had to be faced. The Iraqi regime 

destroyed the basic infrastructure of the whole State and we had to 

cope with the lack of power for weeks before starting up the 

monitoring. The other problem was the severe shortage of trained 

manpower. Many of our technicians were out of the country at the time 

of the invasion and did not c orne back, rna ny of those who were in the 

country were forced to leave. This included the q>erators and the 

maintenance crew. 

All the information we have about the first weeks of the 

pollution episode is that from one site, Mansoria, in the urban area 

away from the wake of the plume. With the other station Reqa in the 

coastal strip, the electric power was connected late and it relied on 

generators and the voltage was unstable and this interrupted the 

recording very much. The levels of soot, sulfur dioxide and nitrogen 

oxides in the period April-July l9Yl was comparable to those seen in 

the same months in 1990. The usual sources of these pollutants, power 

plants, indus try and traffic were not back to normal. The wind was 

most of the time taking the plume away from the measuring site and the 

plume was rising to high levels during the day times and the 

established ground based inversions were obstructing the fall back of 

pollutants to the ground at night. 
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The inean level of methane and non-methane hydrocarbons were 

appreciably high in 1991 compared to 1990, The maximum was seen up to 

11 ppm for methane and 20 ppm for non-methane, The most likely source 

was the oil pools in the oilfield, The hydrocarbons by the natural 

environment or under the influence of the intense heat generated by 

the well fires are emitted at ground level and do not go up with the 

plume. With calm winds and with stagnant condition the levels would 

give the air the the characteristic smell of oil. The level of CO 

were mostly lower in 1991 compared to 1990, This could be attributed 

to the much lower traffic movement, The lower level of CO which is a 

component of the plume will show that the plume was passing over the 

monitoring site. 

The need for mobilization of resources am rraq>ower delayed the 

active participation of UN specialized agencies in the monitoring and 

assessment eftorts. Scientitic teams frcxn rm.ey countries moved in to 

help with the monitoring. The US EPA started as early as 1J or :larch 

by taking measurements from the air at several points in the burning 

fields, to the south ot Kuwait City and within the US Embassy, The 

measurements were made by hard held equipment, Levels of so2 reaching 

20 ppm wer<>"detected inside the oil fields in one of the cases and 

from 0-1 ppm and 2 ppm on two other occasions. The levels of 

particulates were quite high (,01-,933 mg/m3) am levels of up to ),4 

mg/mJ were detected in the oil well plumes, 

More comprehensive inforrration was provided with the help from ~ 

the French Ministry of Environment who kindly loaned Kuwait a well 
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equipped mobile lab ora tory. Untortuna tely the lab ora tory was maue 

available only for two weeks. SOz levels measured in Ahmadi township 

was in the region of 3-268 ppb, levels of CO were between ,4-2 .6 ppm 

and 03 7-36 ppb. All are associated with health risks particularly to 

the children, the elderly and those in critical health, Ahmadi is an 

inhabited area and before the invasion had 30,000 people. The levels 

are in line with the measurements taken by the staff of Ahmadi 

Hospital us~ng hana held equipment, The lb hour mean was l,b) ppm. 

This is a level that exceeds the WHO health criteria, 

The increase of particulates and smoke in the air has resulted 

in a significant decrease in solar radiation and air temperatures, 

The air temperature dec rea sed by 3-4°C in the mid day during the first 

few months. The level of particulates was measured during '-larch at 

the sites of the general hospitals due to the availability of 

electricity and only total suspended particulated could be measured, 

However, by May nine portable PMlU instruments designed to measure 

particles of 10 microns or less which fall within the inhalable 

fraction were provided on loan basis to Kuwait from the US EPA, The 

values during the period from May to July were in the range of 25u-:JJ~ 

micrograms)m3, PMlO levels at Ahmadi (338) and Fahaheel (309), two 

residential areas in the vicinity of the Burgan oil fields, were 

higher than those found in the other areas. It was also interesting 

to note that the levels fluctuated widely and that with calm winds the 

levels were higher, 

The levels of polycyclic aromatic hydrocarbons (PAH) and 
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volatile organic compounds (VOC) were determined by several teams. 

The measurements taken in summer should be assessed with caution. The 

heat reduces the efficiency of trapping of these compounds as they 

remain in the vapour phase. The levels in Ahmadi were measured by the 

French teamand results were generally in line with the resu.Lts by 

Kuwait t:PD which show maximum levels of benzo(a)pyrene (30 ng/mJ). 

This is a compound representative of the PARs having carcinogenic 

properties. The Norwegian Institute for Air Research (NILU) team took 

4 air samples from the area of Umm Quasr to the north near the Iraqi 

borders. The total PAR varied between 207-412 ng/m3. The average 

total PAH contribution was 296 ng/mJ. 

Control ot Air Pollution: 

The "tate gave top p no ri ty to exti nguishiog of the oil well 

fires. Estimates of the time needed to overcome the problem was in 

the range of z- 5 years • The first oil well was con trolled on ZUth 

March 1991, less than J weeks after liberation. The number of wells 

successfully capped during each week in the period April to October 

showed a very sharp rise in the number of wells with the increase in 

the m.tmber of teams. An ave rage of nearly 3 wells/day was achieved 

with a peak of lJ/day. The record number of wells controlled on a 

single week was SZ. 

The Health Alert: 

The prediction done by NOAA for the period July-December for 
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the level of SOz between the ground and up to 1 km showed that the 

level of ~U L may reach luuu ug;m 3 • The prediction was based on the 

meteorological data for the last two years. The prediction agrees 

well with those done by KEPD though a worse situation was anticipated 

in October followed by Novemher and December. The prediction was 

based on historical data between 1957-1982. 

The Health Alert System was established to handle the worst 

probability. Three air quality monitoring stations were connected by 

telephone lines. The hospitals and the organisations participating in 

the contingency plan would be alerted. The general hospitals and some 

designated polyclinics were asked to prepare clean roans where the air 

is filtered. 

The health plan have been elaborated am discussed with the w'HO 

and other interested organisations. The plan included informing the 

physicians and nursing staff of their role in providing needed care 

during pollution episodes. Several health studies were initiated. At 

the Adan hospital, asthma accounted forb% of the visits and chest 

problems for 29% more. These figures are higher than the percentage 

of the compiaints received by the hospital in the same period in ~~~b 

for which data are available. A more extensive survey of the visits 

to 7 health centres distributed among the different regions is running 

si nee the beginning of September 19 91. A survey of the asthmatics 

attending the Allergy Centre has been carried out sir<:e June l~Yl. 

All the asthmatics were called to join the study. A questionnaire 

about their exposure, lung function testing am physical examination 
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is given t'o each patient. The peak flow is measured twice daily and a 

diary is kep t. 

A cohort study of 1600 families residing in the area impacted 

by the oil fires and 400 control households in the City of Kuwait of 

the same socio-economic level was planned, The health exposure 

assessment location study (HEAL) is running with the help of, WHO, US 

t:PA and Harvard School of Public Health. Personal samplers are used 

to determine the exposure of a random sample of 400 Kuwaiti citizens 

above 10 years to particles lU microns or less. A diary ot ttle 

different activities is kept. The level of P:11U and PMZ,) are 

measured indoor and outdoors of the houses in half of the cases. 

Certain investigations iocluding biological monitoring was done 

by US and German teams. The American study was based on taking b1ooc1 

from 14 volunteers mostly from the troops serving in Kuwait. A large 

number of volatile compounds were detected in the blood, The German 

stuay covered botn the envirorrnental ana biological·monitoring. The 

biological· monitoring was done by examining samples of blood or urine 

for volatile organic compounds or other substances taken trom JZ 

persons working in Shuaiba industrial complex, Relatively high levels. 

of benzene and other aroma tic hydrocarbons, toluene and m-xylene were 

detected in the blood of a group of non-smokers that cannot be 

explained by the low levels detected in the environment which were ) 

generally lower than the concentrations found in German cities. 
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l:'sychoiogical impacts resulting from oppression during the 

occupation and the social impact of forced immigration of the Kuwaiti 

population outside the country are probably substantial, The familial 

separation and the lack of communication is an example of the problems 

that should be addressed. The psychological impacts experienced by 

the prisoners of war and by those who suffered from the torture by the 

Iraqis have been investigated, Preliminary results show that among a 

number of male prisoners of war who were subjected to psychological 

torture, 69% had depression, Z4% had anxiety and :J/7. sutfered from 

sleep disturbances. The prevalence of night mares (21%), lack of 

concentration (:J9%) and nervousness (34%) were very common. A large 

proportion suffered from agitation (39%) and social withdrawal was 

seen in.Y% of the cases. 

Another study addressing the heavioural abnormalities in 

Kuwaiti children who stayed all the time in Kuwait during the 

occupation and those who suffered from familial separation out of the 

country was done. The results will be released soon. Investigation 

of the post traumatic stress disorders (l:'TSD) have been planned for 

the first d~gree relative of the martyrs, missing prisoners of war and 

vietims of injuries during the invasion arrl post liberation due to the 

mines implanted by the Iraqis, 

The Marine Envirolllllent: 

The Arabian Gulf has experienced the largest oil polLution 
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episode in the recent history. The Arabian Gulf constitutes an almost 

closed body of snallow water, lUUU km long by :JUU km wide, with an 

average depth ot J) m. It is a highly productive plankton water body, 

but it is also regarded as being one of the most fragile and 

vulnerable marine ecosystems. Its low tidal displacement means that 

it has little discharge of its water into the indian Ocean and thus 

little q>portuni ty to flush out pollutants. 

The oil spills started on January 19 when Iraq started pumping 

oil from five tankers moored near the Mina Al Ahmadi oil terminal. 

The quantity is estimated to oe up to JUU,UUU tons. On :JUth January, 

this was reported to cause a slick some 50 x 15 miles in extent 

.) 

coverng an area of about 7)0 square miles. It has not come ashore, ~) 

its impact was mostly on rna ri ne birds. A second spill started around 

January 20, when the pipelines on the Sea Island terminals about lL km 

off-shore from Mina Al Ahmadi oil terminal were opened. Oil continued 

to spill into the sea from these pipelines until January Lb, when l' .s. 

aircraft destroyed the manifolds that controlled the oil flow to the 

terminal from storage tanks located) miles inland. The quantity of 

oil released ranged from 100,000 to 1 million tons. Between 24 April 

and 8 May oil was observed stranded on shorelines in both Kuwait and 

Saudi Arabia. In early ::-lay the entire coastline ot Saudi Arabia t rom 

the Kuwaiti border to Jabail was to varying degrees affected by the 

spills. 

19\11. 

The monitoring programme run by EPD was resumed in Septemher 

The level of heavy metals in October 1991 compared to l9·~Y 

J 
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showed much higher means for copper, iron and lead in lY~l. The mean 

for nickel in l9Y1 was slightly higher. Tne mean pe cro.Leum 

hydrocarbons was nigher inside the Kuwait Bay where war wrecKs were 

tound ana 1n tne points near the destroyed. Sour.h P1er or near cut!. 

marine base. However, no oil deposits were tound around tne cora1. 

reefs, but evidence of damage by explosives was seen. 

·rhe effects of the crisis on fisheries of Kuwa1t ls most 

obvious iP the direct devastatioo. of the tishing industry. Ihe United 

Fisheries of Kuwait lost all 15 of its well-equipped, lb m shr1mp 

trawlers which were taken by the Iraqi authorities. 

The problem of sunken ships needs concerted. 1.nternac1ona.L 

efforts, Preliminary survey of the ships that were sunk in the c.uu 

War is aoout ~U, added to the ships that were sunl< 1n the 

Iraqi-Iranian war and were not salvaged. 

The sewage system suffered heavily from d1srepa1r aur.cng me 

occupation. Raw sewage was being discharged in to the Gulf th rougo. a 

number of emergency outfalls that opened directly on the beach. 

Pollution ey· sewage-related bacteria in the coastal area extending to 

hundreds of meters on both sides of the outfall was detected during 

mast of the summer man th s. 

The plan to cope with the problem of pollution by oil and the 

marine envirornnent in general covers several areas. The contingency 

p.Lan tor combating o1l pollution was revised, The plan include 
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setting up the prediction model on a personal computer. e.ir 

surveillance using remote sensing is needed. Oil Skimmers, booms, 

pumps and dispersants were ordered to replenish the stores that '•ere 

taken away by the Iraqis. Calling in the trained rmq:>ower or training 

other people if these were not available is an integral part of the 

plan. 

The Terrestrial Ec osy stern: 

The impact of oil from the estimated /U gush1ng wells nas 

resulted in the tormation of a large number of pools covering several 

kilometers 1n area both to the north and south of the country. 

Estimates of the amount of oil in these pools is as high as 80 million ~~) 

barrels. Trenches tilled with oil by the lraqis, and overflow trom 

wells just before capping, also resulted in extensive damage to the 

soil a rd vegetation. 

The soot has covered large areas, polluting the soil and 

coating the vegetation. KEPD soil samples in June and July 1991 from 

the surface amd lOcm deep were taken fr001 Mina Abdalla in the :niddle 

of the coastal strip, Wafra Road to the south of the country and t rom 

Doha to the west of the urban a rea. Two small uninhabited isla ms 

Auha and Qaroh were also included in the investigation. Tlte -nean 

extractable organic matter (EUM) was appreciably higher in the surf ace 

samples. The difference was persistent. However, it was much higher 

in Mina Abdalla and Wafra Road which had the maximum mean. A similar 

picture is seen for the petroleum hydrocarbon (PHC) equivalents. The 

) 
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effect on the fragile ecosystem of the desert is likely to be 

substantial. The reflectivity of the sand will drop appreciably, the 

scorching heat in mid-summer will disturb the heat balance and raise 

the temperature of the soil and subsoil water. The microflora of the 

surface soil and the role of the chemical reaction may also be 

altered. The air exchange potential and the porosity of the soil as a 

result of clogggi ng the pores should be i nves tiga ted. 

Dealing with oil pools fall into two components, recovery of 

the oil and treatment of contaminated soils. Another problem related 

to the oil well tires is the extensive amount at saline water used for 

fire fighting. A total of 361 water lagoons the size of small lal<es 

were prepared to support fire fighting operations. War bombings and 

shellings have considerable direct and indirect effects on Kuwait's 

fauna. Landmines still pose a threat to animal life. Bunkers and 

ditches will inevitably cause the disappearance of proper habitats tor 

some animals and the appearance of others. The impacts of the war on 

the agricultural development is far reaching. The invasion forced 

most of the workers to leave the country. The Iraqi troops looted all 

that was left in the abandoned farms. The lacl< of irrigation during 

the period of occupation caused the so11 to sutter. l'he tertue top 

soil was blown out and it Will take a long time tor the so11 to 

rec. over. 

The Hazardous and Domestic Wastes: 

Inside the Shuaiba Area, the damage to the small- and 
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medium-scale industries located in the Shuaiba Central and Western J 
~ina Abdulla were looted and set afire. Raw and auxiliary materials, 

and various chemicals have been mishandled, poured from their 

containers and spread on the grouna. 

The aump1ng ot garbage presents an immediate threat to public 

health and safety. Hazardous wastes at abandoned or damagea 

industrial ana commercial sites needs to be located, identified, and 

moved to safe interim storage or disposal facilities. Another issue 

is the release of PCB's from power transformers deliberately burned by 

the Iraqis. Some of the transformers are in residential areas which 

require irnmedia te attention. 

The extent of the problem of mines and unexploded oranance 1s 

substantiaL. The area that had the highest density or mines was the 

snores, where about 1l,OUU mines were removed from an~ Km strech of 

the Kuwait water front. The safety problem is quite serious. Betweetl 

~arch and June lY':Il, tne general hospitals received 12~7 victims, 

mostly males (74.7%). Children under 13 years accounted for 27% ot 

the total. The mortality rate was quite high ( 10.5%) for ammunition 

and 5% for explosives burn injuries. 

The problem of the dep le ted u rani urn ana the risK ot exposure to 

the radiation emitted thereof is being investigated by the Radiation 

Protection Department. The source of DU is the antitari< munition used 

by the allied troq>s during the war and this may constitute a health -~ 

p roolem. 



J 

) 

-1)-

The Challenges: 

The immediate impact aE the cnsis is over. The weLL tires are 

extinguished. I am quite confident that the oil pools will be dealt 

with properly with the same enthusiasm. The question aE mines is :nore 

difficult to handle. However, clearing the mines is an eKample of the 

international cooperation. Presently many teams belonging to 6 States 

are helping the local staff in dealing with the problem. 

We are now entering a new phase, where we can plan ahead and 

act instead of reacting to the acute problems. Betore the invasion, 

the KEPC prepared a plan ot action tor the period l9Yl-l996. The plan 

was addressing specific topics. Now the plan has to be revised and 

priorities allocated. The monitoring systems should be revised and the 

location aE the eristing stations and the parameters being monitored 

should be looked into. The system needs renovation and better 

facilities are required. The training of new technicians to replace 

those who lett the country is another challenge which will take years 

to ove rc ome • 

With air pollution, we are faced by a unique situation where 

the total population aE a country has been exposed to massive levels 

of pollution resulting tram the ourn1ng ot oil. The pollutants 

produced are not entirely aiEEerent from those emitted tram most power 

plants, automobile exhaust and industrial installations. However, the 

rate of release and the burning efficiency are different. The problem 
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of inhalable and respirable particulates which was quite significant 

has acquired a new dimension. The sand and dust storms will not be 

the same. The soil in large areas of Kuwait is polluted by the fall 

out of petroleum droplets. This will be blown up by the wioos and the 

health impacts will not be limited to the acute forms we are familiar 

with. 

Pollution by hydrocarbons is likely to be much more intense. 

With the program of drilling new wells instead of the damaged ones 

will pollute the air with large quantities of non-methane and volatile 

organic compounds. It is anticipated to live with the problem for at 

least a number of years. The reaction of the hydrocarbons with the 

nitrogen oxides generated by the industrial activities, power plans 

and trattlc ana the generation of oxidants is likely in view of the 

intense UV that is characteristic of the clear skies and intense solar 

flux in the region. 

With the health impacts, many challenges should be faced. A 

higher proportion of complaints of chest and asthma was reported by 

the erne rge ncy room visits in the general hospital close to the areas 

impacted by the plume. How far this is real will need more intensive 

investigation. The change in the pattern of mortality in the period 

the fires were blazing will be compared with similar period in the 

last years to confirm the validity of emergency room visits. 

The chronic impacts is quite challenging. The cohort studY of 

the presumaoJ.y more exposed popUJ.a aon 1s aesl.gnea. A rna tched control 

) 
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group living in the north «as selected, However the total area ot the 

urban a rea of Kuwait is quite small. The farthest point is only 50 km 

from the burning oil fields and the wind direction is variable. 

Comparing the results with similar population elsewhere may be sought. 

The study by itself is quite challenging and the attrition rate 

should be kept to a minimum. Out of the 1600 households, probably 

half will be lost betore the end of the period. The same is expected 

with the control group which is much smaller to begin with and 

statistical significance may be a problem. The motivation is waining 

with the extinguishing of the fires and the memory of the horrible 

days is likely to be suppressed. 

The assessment of the exposure to particulates and P.-\H.s is 

likely to address the problem of the risk involved. However, it 

started only one month before the fires were extinguished and so it 

missed the period where the exposure was more intense. The use of the 

data collected to assess the risk to the population to the PAll is 

likely to be difficult. Extrapolating the results to cover the acute 

episode is not an easy job. Thp expertise is not available locally 

and use of models developed in other regions of the world may '>e 

ditticult. 

The psychological impacts is also demanding. The peqo1e of 

Kuwait have been subjected to a horrifying and tragic experience by a 

brutal inhuman invasion carried out by the Iraqi regime. The 

seven-month occupation has severely impacted every aspect ot life ln 
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Kuwait and the over 800,000 Kuwaitis and another million people 

belonging to over /U nationalities who came to earn a aecent Living in 

a peaceful country, The destruction of property, looting, detention, 

rape, torture and killing of people was compounded by the worst 

premeditated manmade environmental disaster ever carried out by an 

occupying force, 

The shock encountered by the occupation, the insecurity, fear 

and humiliation was an experience that will never be forgotten by the 

people who lived in Kuwait, The worries and home sickness of the 

Kuwaiti people outside Kuwait is the sigma of those who were abroad or 

were forced to Leave the country, The loss ot identity of the two 

groups is another experience. The grief and misery of the families 

that lost a family member is well known. The missing of imprisoned 

Kuwaitis reached 7455, out of which 110 were less than 12 years old, 

There are still over 2UOO POWs in Iraq. For a small population and 

the family size, probably every family has lost one or two members, 

The psychological impacts experienced by the pressure ot war and by 

those who suffered trom the torture by the Iraqis are grave, The time 

needed for these people to recover is not known. A long term follow 

up study is needed and the resources should be made available. The 

behavioural abnormality ot the children tnat Lived in Kuwait uncter the 

oppression of the occupation and those who have been stranded abroad 

need to be addressed. 

The 1 o ng t e rm i m p a c t o n the rna r i ne e nv i r o rnne n t i s be i ng 

addressed on both the national and regional levels. Studies r.o assess 
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the extent of damage to the marine environment are being organized 

through the Regional Organization for the Protection of the Marine 

Environment (ROPME) in cooperation with IOC, UNEP, IAEA, and US NOAA 

as well as National r·ocal !'oints ana research institutions ot the 

ROPME Member States. A short term and a more extensive oceanic 

cruises are being organized now for this purpose. The long term 

impacts on rna ngroves and tidal t la ts and the rate of recovery should 

be monitored. 

'!'he problem of the sunken ships is quite demanding. Based on 

the experience gained from the Iraq-Iran war, this problem need a 

concerted international ettort, The ships by themselves are a chronic 

) 
source ot pollution or metals and petroleum, The type of cargo should 

also be considered. The tloating mines have almost been cleared tram 

the navigation channels. However, the security is never complete ana 

accidents may be expected. 

l'he impact of the plume on the marine enviroment is a sltudy 

topic that have not been frequently encountered in other regions. 

This needs to be i nve s tiga ted as an added stress to the rna ri ne 

environment~ The organisms that are living and the extent of their 

tolerance and the new impacts is likely to cause untavourable 

reactions. 

The terrestrial enviroment is more challenging. '!'he oil lakes 

have covered a relatively small area (3ll-4U km2 ). With the intense 

scorching heat, the volatiles will evaporate. The bacteria will eat 
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up some and· the asphalt will be left as permanent scars disr~guung 

the desert, Thousands of kilometers are covered by the soot and the 

fall out of the oil droplets from the plume, The effect of the black 

soot on the reflectivity of the desert is anticipated, The rise in 

the temperature and the effect on the ecobala nee should be monitored. 

The impacts of the salt water lagoons on the surface water and 

the probability of their impact on the survival of the desert plants 

is ant~c1pa ted, The probability of the plants in the oil field to 

complete their life cycle is not likely. Transport of the seeds tram 

the other areas need to be investigated in view ot the hostile 

environment. The impacts of the machinery on the earth crust is 

likely to be intense in the areas that have been used by the military ~) 

vehicles, The equipment and vehicles used for fire fighting is not 

more friendly. The anticipated increase in dust and sand stor.ns is 

likely to be substantial in the next few years. 

Mr. Chairman, it is obvious that these chaJ.lenges cannot be met 

by Kuwait alone, or by its sister countries in the region. With a 

crippled economy, tremendous rebuilding effort of infrastructures 

devastated-by the Iraqis, Kuwait can only look towards the world 

community for assistance. The undertaki~s of the above challe~es is 

expected to be technically complicated and costly. With the priority 

for reparations frcxn war damages to be paid by Iraq in accordance with 

the Security Council Resolution No. 687, the share for the environment 

is expected to be slight and the procedure to be le~thy. However, -~ 

the estabLishment of a more solid and continuous source of funding may 
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ensure the·c'ontinuity of the studies and rehabilitation programmes. 

ln this respect we fully trust the UN system to develop the 

arrangements that allow for action to begin. A resolution from your 

distinguished committee calling for placing a higher priority to the 

environmental and health studies and the rehabilitation of the 

environment programmes and to establish a funding mechanism to ensure 

their implementation would be most appreciated by the Kuwaiti people. 

Should such a resoltion be passed and endorsed by the (;eneral 

Assembly, then a meeting ot the contributing parties could be held to 

review their various programmes proposed for the region iocluding the 

national p.cans ot action, the regional plan of action (ROPm:) and that 

being developed by the UNlll'. A joint fund management committee could 

) be established involving donor as well as recipient countries and the 

UN special organizations concerned (e.g. UNDP, UNEP arrl others). 

Thank you. 

) 
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SUMMARY 

Kuwaiti Oil Well Fires Updated 

Joseph P. Riva, Jr. 
Specialist in Earth Sciences 

Science Policy Research Division 

Before being driven from the country, the Iraqis sabotaged all of Kuwait's 
oil wells. At present, some 500 are burning and dozens are flowing 
uncontrollably, creating huge lakes of crude oil. More than 70 of the wells have 
been shut-in by well control crews, at least ten of which were on fire. Well fire 
fighting has been hampered because sufficient water is not yet available. The 
loss in crude oil due to the damaged wells is estimated at about 4 million barrels 
per day. 

Kuwaiti Oil Well Fires 

At the time of the Iraqi invasion, about 858 of Kuwait's 1,386 wells were 
producing oil. This includes the wells in the Kuwaiti administered Neutral 
Zone. The Iraqi occupation troops, supervised by petroleum engineers, packed 
each wellhead with 30 to 40 pounds of Russian-made C-4 plastic explosives 
shortly after the invasion. It was an enormous undertaking, carried out with 
an extensive bureaucracy. The electric detonation systems were backed up by 
non-electric detonators. In December, six wells were ignited as experiments to 
determine the most efficient method of destruction. Wben the air war began, 
60 wells were blown up by the Iraqis and as many as 34 more wells may have 
been destroyed by allied bombing. The explosives packed around the remaining 
wellheads were detonated by the Iraqi troops about a week before the beginning 
of the ground war and the subsequent liberation of Kuwait. Most of the 
wellheads were blown .open at the base, with some of the surface casing also 
damaged. Maximum destruction was achieved by packing down the explosive 
charges with sandbags. About two-thirds of the wellheads were completely 
blown off, while others were badly damaged with above ground valves and pipes 
destroyed. 

About aeven wells survived because of malfunctions in the detonation 
devices, but until the plastic explosives are removed,. remain susceptible to 
accidental detonation. Not all of the successfully sabotaged wells are burning. 
Oil is flowing uncontrollably from dozens of these wells, creating huge, 
flammable lakes of petroleum that are spreading toward highways and 
threatening residential areas and groundwater. Some of the flowing wells also 
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release hydrogen sulfide, which can be lethal, into the atmosphere. For health 
reasons, two of these wells were ignited so that, in burning, they produce sulfur 
dioxide instead, which is less toxic. Other flowing wells also may have to be 
ignited for the same reason. There remain about 500 sabotaged producing wells 
that are burning uncontrollably. 

The wells burn at about 3,000 degrees Fahrenheit and can be under 
pressures as high as 7,000 pounds per square inch. Uncontrolled oil flow from 
a well could range up to 90,000 barrels per day, with a typical well flowing 
10,000 to 15,000 barrels per day. Such wells would normally be choked back to 
a regulated flow between 3,000 and 12,000 barrels per day under usual 
production practices. The burning is extremely destructive, consuming an 
estimated 4 million barrels of oil per day (about $80 million worth of oil). By 
way of comparison, the United States is now importing from all sources about 
5.6 million barrels of crude oil per day. 

Also, severe underground .reservoir damage can be caused by long-term 
uncontrolled flow, whether or not the well is on fire. If the blowouts are not 
contained, water conin migration, relative permeability reduction, and 
other irreversi e petrophysi ects within the reservoir will further reduce 
ultimate petroleu team has been observed escaping from some of 
the wells, suggesting that formation and/or ground water is mixing with the oil 
in some locations. Some wells have burned themselves out as water flow 
ini:reased in proportion to that of oil. As formation water·encroaches into the 
fields along the edges and from below, natural gas (dissolved gas-to-oil ratios = 
500-15,000:1) escapes and some of the heavier oil is left behind. The pressures 
in the oil fields then become uneven, with higher water levels in some parts and 
lower gas pressures in others. This adversely affects ultimate. oil recovery, as 
up to 20 percent of proved reserves may become unrecoverable. 

About 60 flowing wells that were not burning have been capped by well 
control crews that pumped thousands of pounds of mud and cement into the 
damaged wellheads. Thus far, the wells that have been plugged have been those 
that offered the fewest problems. In general, they were smaller producers that 
are close to roads and free of land mines and unexploded bombs. The super
giant Burgan. fie!~ still an inferno, with slow moving rivers of oil pouring 
across the dessert.crpe smoke and soot from the burning wells is not considered 
a global threat. The warmer air above 18,000 feet is holding it down and 
dispersing it into.a 1,000 mile-long plume across the Persian Gulf region, locally 
causing acid. rainfall and lower than normal temperatures. Some may have 
entered the jet streain, as an increase in black carbon soot has been observed in 
Hawaii. However, it is not certain that the soot originated in Kuwait. British 
meteorologists have estimated from satellite monitors that the well fires are 
burning about 1.5 million barrels of oil per day, substantially less oil than the 
4 million barrels per day estimated by the petroleum engineers on the ground. 
The two amounts can be considered as defining a range, with the actual amount 
of oil being burned fluctuating somewhere in between. The fluctuations, 
however, are generally downward as less oil is consumed over time. This 
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reduction occurs as flowing wells are shut-in, associated gas burned off, and field 
pressures decrease. 

The burning wells will have to be extinguished. Some 25 well tirefighting 
crews are currently available. These are from four Houston companies: Cudd 
Pressure Control Inc. (7 crews), Wild Well Control, Inc. (6 crews), Boots and 
Coots, Inc. (5 crews), and Red Adair Co., Inc. (5 crews), plus Safety Boss, Ltd of 
Calgary (2 crews). These companies are working together in Kuwait for the first 
time. Kuwait also is negotiating with additional firefighting companies from 
Britain, France, China, Iran, Germany, and the Soviet Union to reduce the time 
required to extinguish all of the well fires from years to months. This would 
save billions of dollars of crude oil as well as greatly ease the environmental 
damage. There are questions, however, whether the additional tirefighting 
companies have comparable expertise to the five already in Kuwait. 

There are several methods of fighting oil well fires. The availability of 
enormous amounts of water is a basic requirement. Kuwait's water supply was 
sabotaged by the retreating Iraqis who blew up distillation and desalination 
plants. The Kuwait Oil Company is fashioning a 30 mile water pipeline from 
the Persian Gulf to the Burgan and Magwa oil fields to provide cooling water. 
When the system is in place it will produce great volumes of water, up to 15,000 
gallons per minute, to fill plastic-bottomed ponds in the dessert. Each pond will 
be dug to a depth of 20 feet and will cover an area in excess of one-half square 
mile. Initially, a curtain of water will be sprayed from the ponds onto a burning 
well by a series of pumps, each with a capacity of 5,000 gallons per minute. The 

· water alone will put o.ut some of the well fires. In other cases, liquid nitrogen 
is effective. It is pumped into a large diameter venturi tube positioned over the 
burning wellhead, depriving the flames of oxygen as water is sprayed on the fire. 
Two small well fires have been put out by this method, but it does not appear 
to work on the larger fires. For such fires, a curtain of water will be employed 
to allow the damaged well equipment to be removed by cranes and what remains 
of the wellhead to be packed with 300 to 400 pounds of dynamite or an 
equivalent amount of C-4 plastic explosive. When the explosives are detonated, 
the explosion will often consume enough of the surrounding oxygen to snuff out 
the fire. · 

Past oil well fires have been rare and singular accidents. In Kuwait, with 
so many fires burning in close proximity, for the first time it will be possible to 
organize a coordinated oil well firefighting effort, moving from well to well. 
Also, it will be economic to fabricate large structures that may be used to fight 
the numerous fires. One device that is been considered is a 30-foot steel dome 
with a ten-foot diameter base that can be lowered over a burning oil wells from 
a heavy-lift crane. The weight of the dome would press its bottom edge into the 
oil soaked sand forming a fairly tight seal. As the oil fills the dome and the 
oxygen is consumed, the fire could continue burning only at the top of the dome 
where the gas is vented. Curved fins within the dome swirl the gushing oil 
toward the wall of the vessel where it would run down into a collection trough 
at ground level. From there it could be pumped out to collection pipes that lead 
to a production system. The oil flow rates would still be uncontrolled, but the 
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oil resource would no longer be lost and the burning ges would be less polluting 
than the previously burning ges/oil mixture. 

The most difficult fires, that cannot be "blown out" by explosives, eventually 
can be extinguished with the assistance of directional drilling. A new well is 
drilled nearby and positioned to intercept the uncontrolled well near the top of 
the reservoir, far below the fire. Cement and mud is then pumped into the 
intercept well to stop the uncontrolled flow of oil to the surface. With its fuel 
cut off, the fire is extinguished. Directional drilling takes much more time than 
the use of water, liquid nitrogen, or explosives to put out well fires. Over one 
hundred of the burning wells in Kuwait may require this method of treatment. 
The most dangerous work comes after a fire has been extinguished. Gas can 
erupt from the well and oil sprays over the entire area. As the firefighters, 
drenched in oil, attempt to cap the blowout, any static electricity or flames from 

· a nearby well could reset the fire. A major hazzard is the presence of Iraqi land 
mines and unexploded bombs buried in the oil fields. These weapons will have 
to be removed to allow the firefighters to work efficiently. 

The final plugging of an uncontrolled well is ac~omplished by pumping in 
heavy mud (weighted with barium sulfide) and cement. if the well damage is 
considerable, hundreds of barrels of cement must be used. While a small plug 
of concrete easily can be drilled out when the well is put back into production, 
it is more economic to drill a new well near-by than to drill through a massive 
amount of concrete. This is especially true in Kuwait's fields, which are well 
known and rarely deeper than 5,000 feet. As the old wells are redrilled, new 
methods, such as horizontal drilling, could be used which could add to the 
efficiency of reeovery. 

In addition to the damaged and burning wellheads, the Iraqis destroyed 
more than 20 of the 26 gathering centers that separate the oil, gas, and water 
recovered from the reservoirs. Each of the gathering centers served 30 to 40 
wells, and must be rebuilt before production can begin again. It is -expected that 
it will take at least one year to put out all of the well fires, but it could take as 
long as from two to five years. lliven at four million barrels per day, Kuwait 
would lose less than two percent of its 97 billion barrel oil reserves in a year. 
However, the reservoir damage caused by the uncontrolled flow of many wells 
could cause additional significant losses in ultimate oil recovery and, in spite of 
better engineering in the new wells, the pressure losses in the reservoirs will 
make future oil recovery generally more expensive, as more pumping will be 
required. Depending upon reservoir mechanics, there will be certain critical 
wells that should be controlled first to minimize reservoir damage. In spite of 
the damage, Kuwait may have 50,000 barrels per day of oil production on stream 
within two months, enough to run the local power plants. The next priority, 
after power restoration, is an additional 50,000 barrels per day of crude oil 
production to refine for domestic gesoline. 

• 



Kuwait Oil Fire Extinguishing Chronology 

Gulf Program Office 
Office of the Chief Scientist 

National Oceanic and Atmospheric Administration 

November 1991 

Department of Commerce 
14th and Constitution 
Washington, DC 20230 



Sources: 

Well numbers and dates: Kuwait Oil Company, Production Operations 
Department, "Oil Wells Survey Data," Kuwait, 1991 (unpublished). 

Flow rates: calculated by The Analytic Sciences Corporation (TASC), Reading, 
Massachusetts pursuant to NOAA Contract No. 50-DGNA-1-00139. October 
1991. 
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Abdullyah Field History 

Well Gathering -on 011 Date 
-Center ~. Snr 

~ 

1 16 1 
2 16 1 
3 16 1 

.4 16 1 
5 16 1 

Wells 0 0 0 
Wells Controlled 0 0 0 

Remaining 0 0 0 
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10/20/91 
9/7/91 

9/12/91 
10/2:l/91 
9/ll/91 
10/12/91 
10/!IJL91 
8/ 
7.'16 191 
10(2: /91 
Hl/3/91 
101~ 

10/~ 
n 

9/1/91 
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) 

) 

.Field 

+=-------t-=~ 
53 12 
54 12 
55 4 
56 4 
57 ll· 
5l:S 1:1 
59 5 
60 4 
61 5 
62 14 
63 4 
64 13 
65 4 
66 13 
67 . 7 
68 4 
69 4 
70 5 
71 _4_ 
72 12 
73 5 
_74 14 
75 __! 
76 ll 
77 13 
78 4 
79 1:1 
80 7 
81 4 
82 2 
83 4 
84 5 
85 14 
86 19 
87 12 
88 ll 
89 14 
90 ll 

. 91 2 
92 ll 
93 2 
94 2 
95 14 
96 19 
97 14 
98 3 and 21 
99 5 
100 3 
101 . 5 

LW! 
1 
1 
1 
1 

1 
1 

. 1 

1 
1 

1 
1 
1 
1 
1 

1 
1 
1 

1 
1 
1 

1 

1 

1 
1 
1 

l 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Ull 

1 

1 

1 

1 
1 

1 

1 

Prepared by the Arabian Gulf Program Office-11/19/91 

. 

1 

1 

1 

1 
1 

1 

1 

7/25/91 
10/H /91 
10/12/91 

8/7/'IJ]_ 
7/3/'IJ]_ 

9/18/91 
, n 
8/4/91 

8/19/91 

8/10/91 
. 8/27/91 

7/18/91 
6/10/91 
8/5/91 

7/29/91 
10/4/91 
10/9/91 
7/9/91 

7/10/91 
7/2/91 
7/13/91 
8/8/91 
6/7/91 
10,~,~· 

7/8/91 
9/1/_!ll 

8/14/91 
5/24[!Jl 
10/U/91 

5/15/91 

6/5/91 
6/18/91 
Uf~~/91 

5/13/91 
R/20/91 
8/14{!J! 
9/3/91 
10/5/91 
9/8/91 
9/13/91 
9/6/91 
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Burgan Field History (Continued) 

weu uamermg UD ~lJ uate 
D DG r ' i 

102 5 1 9/10/91"-
) 

103 6 1 9/27/91 
104 6 1 10/4/91 
105 2and6 1 
106 6 1 9/19/91 
107 1 1 8/23/91 
108 1 1 9/24/91 
109 1 1 9/23/91 
110 1 1 9/18/91 
111 8 1 10/6/91 
112 21 1 9/24/91 
113 1 1 9/26/91 
114 13 1 10/20/91 
115 7 1 10/12/91 
116 13 1 10/22/91 
117 7 1 10/6/91 
118 12 1 11/2/91 
119 21 1 10/24/91 
120 13 1 8/18/91 
121 12 1 10/23/91 
122 13 1 10/16/91 
123 13 1 10/15/91 
124 . 3 1 

~ 

125 8 1 10/7/91, ) 
126 12 1 1 10/14/91 
127 8 1 9/23/91 
128 8 1 6/9/91 
129 8 1 9/10/91 
130 8 1 9/7/91 
131 11 1 
132 2 1 . 8/28/91 
134 14 1 
136 1 1 9/27/91 
137 13 1 11/1/91 
138 3and 5 1 9/23/91 
139 8 1 8/26/91 
140 21 1 10/21/91 
141 12 1 10/20/91 
142 12 1 10/7/91 
143 5 1 9/5/91 
144 13 1 8/5/91 
145 12 1 10/15/91 
146 4 1 9/3/91 
147 7- 1 10/2/91 
148 4 1 8/15/91 
149 7 1 10/5/91 
150 13 1 7/18/91 i 

151 7 1 6/14/91 )-J 
152 5 1 10/10/91 1 
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. Field 

weu un uu Date 

(~- \ ~ ~ 153 2 1 
154 7 1 6/8/91 
155 4 1 8/22/91 
156 2 1 9/10/91 
157. 11 . 1 
156 21 .1 10/12/91 
159 11 . 1 
160 13 1 10/27~ 
161 11 1 
162 1 1 9/11. (91 
163 11 1 (91 5/20, 
164 2 1 9/5/!-J_!_ 
165 11 1 
166 2 1 9/lO/Ill 
167 11 1 
168 8 1 9/18/91 
169 2 1 9/12/91 
170 11 1 
172 21 1 11/2/91 
173 5 1 lU/12/91 
174 11 1 
175 13 1 10/17/91 
176 12 1 10/24/91 

) 177 11 1 
178 _12 1 10/17/91 
179 12 1 10/1/91 
180 8 1 8/17/91 
181 4 1 9/30/91 
182 12 1 10/5/91 
183 4 1 8/31/91 

·184 8 1 !'i/2R/91 
1~5 12 1 1 10/14/91 
186 4 1 9/1/91 
187 7 1 10/29/91 
188 8 1 9/13/91 . 
189 7 1 10/9/91 

_190 4 1 7/23/91 
191 7 1 10/3/91 
192 _i 1 8/2/91 
193 8 1 9/26/91 
194 8 1 10/8/91 
195 4 1 8/19/91 
196 5 1 10/13/91 
197 4 1 8/13/91 
~-8 5 1 9/12/91 
199 4 1 7/10/91 

- _3()0 6 1 .. ,~~/91 
) 201 13 1 8/1/91 

202 5 1 9/11/91 
203 13 1 8/11/91 
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Burgan Field History (Continued) 

WeD Gathering On ou Date 
lfumHr ~n~~[ Fire 8m:u J21!m8J!'ed lmll:t CaOJi!!:d \_ ) 

204 2 1 5/31/91 
205 13 1 8/17/91 
206 13 1 6/1/91 
207 2 1 7/12/91 
208 13 1 7/15/91 
209 2 1 6/4/91 
210 12 1 6/25/91 
211 14 1 
212 5 1 . 9/7/91 
213 6 1 10/7/91 
214 5 1 9/12/91 
215 19 1 . 8/25/91 
216 6 1 10/2/91 
2i7 2 1 
218 19 . 1 6/18/91 
219 5 1 7/20/91 
220 19 1 8/8/91 
221 5 1 . 9/1/91 
222 19 1 8/11/91 
223 5 1 7/30/91 
224 3 1 10/5/91 
225 19 1 6/29/91 
226 2 1 6/3/91 :' 
227 21 1 10/12/91, ) 
228 2 1 7/13/91 
229 21 1 10/22/91 
230 2 1 8/27/91 
231 3 1 10/18/91 
232 1 1 8/18/91 
233 21 1 10/15/91 
234 13 1 ' 7/22/91 
235 2 1 4/28/91 
236 13 1 7/20/91 
237 . 4 1 10/20/91 
238 2 1 9/3/91 
239 4 1 4/29/91 
240 4 . 1 

. 8/7/91 
241 4 1 
242 4 1 8/25/91 
243 4 I 8/26/91 
244 4 1 8/11/91 
245 4 1 9/22/91 
246 4 1 10/17/91 
247 12 1 10/12/91 
248 12 1 10/7/91 
249 . 12 1 6/26/91 
250 7 1 10/1/91 ! 

251 7 1 4/18/91 r ) 
252 7 1 9/28/91 1 
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Burgan Field History (Continued) . 

weu liat.nermg un Ull Date 
~;enter n!j! ~Drav 

,_) 253 8 1 6/12/91 
254 14 1 
255 14 . 1 
256 14 1 8/25/91 
257 14 1 8/24/91 
258 . 14 1 8/29/91 
259 14 1 
260 2 1 5/11/91 
261 2 1 8/31/91 
262 1 1 
263 1 1 9/7/91 
264 1 1 9/13/91 
265 1 1 8/30/91 
266 5 1 9/8/91 
267 13 1 7/17/91 
268 13 1 . 8/11/91 
269 12 and4 1 10/17/91 
270 7 1 10/4/91 
271 8 1 10/9/91 
272 8 1 9/26/91 
273 2 1 
275 14 1 9/6/91 
276 14 1 

.. 

I 277 1~ 1 8/14/91 
·~ 278 19 1 

279 19 . 1 7/4/91 
280 19 1 7/5/91 
281 19 1 8/19/91 
282 14 1 8/12/91 
283 13 1 10/22/91 
284 1 1 8/15/91 
285 21 1 10/8/91 
286 14 1 9/3/91 
287 6 1 10/4/91 
288 12 1 10/20/91 
289 1 1 9/17/91 
290 12 1 10/18/91 
291 6 1 10/9/91 
292 14 1 
293 14 1 9/8/91 
294 14 and3 1 4/7/91 
295 7 1 10/15/91 
296 7 1 11/2/91 
297 8 1 10/17/91 
298 11 1 5/25/91 
299 11 1 6/23/91 

- 300 11 1 6/17/91 
) 301 11 1 6/23/91 

~, 302 19 1 8/10/91 
L 303 3 l 9/27/91 
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. 

306 11 
&!7 . 11 
:soH 1 
&!9 1 
310 1 
311 1 
312 1 . 
313 1 
314 2 

. 315 ~ 
316 2 
317 5 
318 5 
~- 13 
320 13 
321 12 . 
322 12 
323 14 
324 14 
325 14 
326 2 
327 l 
328 2 
329 2 
330 6 
331 3 
332 13 . 
333 13 
334 13 
331:1 12 
330 12 
337 12 
338 7 
339 7 
340 12 
341 12 
343 13 
344 5 
345 4 

349 5 
351 8 
352 11 
353 6 
354 11 
355 19 
356 0 
357 14 

1 
1 

. 1 

. 

1 
1 
1 
1 

1_ 
1_ 
1_ 
1_ 
1_ 
1 
1 
1 
l 

1 
1 
l 

1 
1 
1 
1 
1 

1 
1 
l 

1 
1 
1 
1 

1 

1 

1 
1 

1 

. 

1 

. 
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. 

uate 
~1 ~D~~ =t~~~r:;J 

. 

. 

1 

1 
1 

1 
1 
1 

1 

1 

1 

1 

1 

1 

813()/91 
5123191 
5'15191 
8120/91 
9 '10/91 
9'13/91 
9 '11/91 
9/10/91 
9/8/91 
9/9/91 
10/7/91 
10/15/91 
10/30/91 
10/29/91 
10/22/91 
8/20/91 

7/8/91 
8/25/91 i 
9/8}91 

9/21/91 
10/15/91 

191 
10/29191 
10/29191 
10/1_! 1_!}1 
10/l(J 191 
10/2_!1 191 
11/!(91 
10/2~ 191 
_10/2~191 

101~_" ~· 
10/29 1_91 

10/13/91 

_1_0/11[_91 

9/2!/91 

_5/23/91 :J 
9/25/91 
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1Fie~ . 

• UD 

~ = (_ ~ lll:C ~ ~ 
1 

359 21 1 10/7791 
300 11 1 8/1179T 
361 11 1 6/ i7Q1 

3o:l 11 1 
30::S 3 1 
364 14 1 
3o5 14 1 
3oo 13 . 1 7/f2/9T 
367 13 1 
368 3 1 10/29/9T 
369 13 1 
370 21 1 10tr7/91 
372 6 1 10/9/91 
373 6 1 
374 21 1 
375 21 1 10/23 !91 
376 . 21 1 10/31 !91 
377 21 1 10/27 !91 
378 21 1 10/25 !91 
3If} 5 1 9/21. 91 
380 7 1 /91 10/23 
3~ 14 1 5/4, 91 

) 3~:l 14 1 4/18 /91 
3~ 2 1 191 4/9, 
3~ 19 1 
385 19 1 4/8/91 
38o 14 1 8/~ 
387 14 1 . 8/9/9T 
388 1 1 9/2'>701 
3~ 11 1 5/879T 
3_!:1()_ 11 1 
3_!Jl 11 1 O/O&f!'d1 

3~ 19 1 11 
3~ 11 1 
3~ 4 1 
3E 2 1 9/2/91 
3~ 8 1 
3~ 5 1 9/16/91 
3~ 5 1 
400 14 1 
4{)_1 14 1 
402 14 1 
403 19 1 5/21/91 
404 14 T 
405 14 1 

-- 406 14 1 
J 407 19 1 

408 19 1 8/14/91 
409 14 1 5/17/91 
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Burgan Field History (Continued) 

wen uatnertng un uu Date 
center ll!:§ ( 

411 19 . 1 \_ ) 
412 14 1 5/4/91 
413 7 1 5/27/91 
415 14 1 
416 11 1 
418 13 1 
419 1 1 
420 1 1 6/5/91 
421 7 1 
422 7 1 
423 11 1 

WeU. 290 25 so 
Controlled 290 25 16 

-

Remaining 0 0 14 
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Burgan Fi.eld Summary 

on 011 Flow . Flow 
~ ~ Snrav lk"" '""'"! 

f 03-16 290 25 30 3829218.75 6203.33 
03-23 290 25 30 3829219 6203.33 
03-30 290 25 29 3829219 6203.33 
04-06 290 25 29 3829219 6203.33 
04-13 290 23 28 3804906 6163.95 
04-20 288 22 28 3768438 6104.87 
04-27 288 22 28 3768438 6104.87 
05-04 288 19 26 3731969 6045.79 
05-11 287 18 25 3707656 6006.40 
05-18 283 17 25 3646875 5907.94 
05-25 277 17 25 3573938 5789.78 
06-01 274 16 24 3525313 5711.01 
06-08 273 11 23 3452375 5592.85 
06-15 270 10 22 3403750 5514.08 
06-22 268 10 20 3379438 5474.69 
06-29 265 8 20 3318656 5376.22 
07-06 261 8 20 3270031 5297.45 
07-13 253 6 20 3148469 5100.52 
07-20 247 5 19 3063375 4962.67 
07-27 .244 5 18 3026906 4903.59 
08-03 241 5 17 2990438 4844.51 
08-10 233 3 16 2868875 4647.58 
08-17 215 2 16 2637906 4273.41 ., 08-24 200 2 16 2455563 3978.01 

- 08-31 184 1 16 2248906 3643.23 
09-07 164 1 16 2005781 3249.37 
09-14 134 1 16 1641094 2658.57 
09-21 125 1 16 1531688 2481.33 
09-28 107 1 16 1312875 2126.86 
10-05 89 1 16 1094063 1772.38 
10-12 61 0 16 741531 1201.28 
10-19 41 0 14 498406 807.42 
10-26 16 0 14 194500 315.09 
11-02 0 0 14 0 0.00 
11-09 0 0 14 0 0.00 
11-16 0 0 14 0 0.00. 

J 
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Number of Wells l .... .... "' "' cc ~· 

0 8 8 8 8 8 
03-16 

03-23 

03-30 

04-06 

04-13 

04-20 

04-27 

05-04 

05-11 

05-18 

05-25 

06-01 

06-08 
1:11 

06-15 l 06-22 ; 
06-29 

:! 07-06 n .:J ~ 07-13 ~ 
ct g a. 07-20 

07-27 ~ 
08-03 = 08-10 I 08-17 

08-24 

08-31 

09-07 

09-14 

09-21 

09-28 

10-05 

10-12 Ill D ll:ll 

10-19 §' 0 t:l = 8 
10-26 ~ !fJ "' ~ ~ 
11-02 c:>. 

11-09 

11-16 

J 



/J Barrels 
.... .... ~ ~ 

~ 
c.> 

~ 0 ~ ·~ ~ ~ ~ ·~ 
03-16 
03-23 
03-30 
04-06 
04-13 

04-20 
04-27 
05-04 
05-11 

05-18 
05-25 
06-01 
06-08 
06-15 :1 
06-22 ; 
06-29 

) 07-06 ~ 
~ 07-13 ct 

I 
It 1:11 
"' 07-20 ! 07-27 

08-03 
= 08-10 :! 

08-17 S: 
08-24 

08-31 

09-07 
09-14 

09-21 
09-28 
10-05 
10-12 illl 

10-19 ::1 
~ 

10-26 
11-02 ~ 
11-09 

J 
11-16 



'Field 

wen un Ull Date 

~ nn: ,) 
1 10 
3 10 1 
4 10 1 

. 

Wellll o· 0 0 
0 0 0 

lnhu< 0 0 -0 

.) 
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Kbasbman Field History 

wen. uat.nermg Un uu Da~ 
\::e_nte.r Dnl t~oray 

- 5 9 1 3/28/91 
6 9 1 

Wella 0 0 1 
Controlled 0 0 1 

Remaining 0 0 0 

) 
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Khash,man :Field Summary 

UD u~ .now .f'IOW 

~ I:W: .1:!12!" f 
03-16 0 0 1 0 0.00 ' 

) 
03-23 0 0 1 0 0.00 
03-30 0 0 0 0 0.00 
04-06 0 0 0 0 0.00 
04-13 0 0 0 0 0.00 
04-20 0 0 0 0 0.00 
04-27 0 0 0 0 0.00 
05-04 0 0 0 0 0.00 
05-11 0 0 0 0 0.00 
05-18 0 0 0 0 0.00 
05-25 0 0 0 0 0.00 
06-01 0 0 0 0 0.00 
06-08 0 0. 0 0 0.00 
06-15 0 0 0 0 0.00 
06-22 0. 0 0 0 0.00 
06-29 0 0 0 0 0.00 
07-06 0 . 0 0 0 0.00 
07-13 0 0 0 0 0.00 
07-20 0 0 0 0 0.00 
07-27 0 0 0 0 0.00 
08-03 0 0 0 0 0.00 
08-10 0 0 0 0 0.00 
08-17 0 0 0 0 0.00 
08-24 0 0 0 0 0.00 
08-31 0 0 0 0 0.00 

) 
09-07 0 0 0 0 0.00 
09-14 0 0 0 0 0.00 
09C21 0 0 0 0 0.00 
09-28 0 0 0 0 0.00 
10-05 0 0 0 0 0.00 
10-12 0 0 0 0 0.00 

. 10-19 0 0 . 0 0 0.00 
10-26 0 0 0 0 0.00 
11-02 0 0 0 0 0.00 
11-09 0 0 0 0 0.00 
11-16 0 0 0 0 0.00 

Prepared by the Arabian Gulf Program Office-11/19/91 Page 19 



J 
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Number of Wells 
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40 
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1 

l 

7/2F./QI 
4/2/91 
7/1].~1 

'91 
'91 

5/2/91 
4/2"//91 

7/15/91 
4 '10/91 

. 4122/91 
7/16/91 
5/10/91 
4/25/91 
4/29/91 
4/3/91 

4/5/91 
7/22/91 
4/21/91 
6;..,..,,J1 . 
5/5/91 ) 

5/28/91 
7/22/91 
4/9/91 

8/9/91 
7/18/91 
7/11/91 
7/13/91 
4/20/91 
4/15/91 
7,..,.~,J1 

7/26/91 
7/11/91 
6/7/91 

4/30/91 
7/20/91 
4/6/91 

4/10/91 
.· 8/14/91 

Uf Vf <>• 

5/11/91 
7/10/91 -.\ 
7/8/91 . ) 

4/16/91 
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L FlelCl 

. 54 9 
55 9 

\ 00 9 
57 9 
58 9 
59 9 
60 9 
61 9 
62 9 
63 10 
65 9 

~! 9 
~ 9 
~ 9 
~ 20 
71 20 
72 9 
7;j 20 
74 20 
75 10 
7o 20 
77 20 

I 7ts 10 
•. 7!J 10 

tsU 10 
81 10 
1:12 10 
I:S;j 10 

84 10 
85 10 
tso · 9 

87 9 
tsts 9 
ts!J 9 

00 9 
l:H 9 
!J2 10 

94 10 
!J5 . 22 
'do 22 
!J7 22 
!Jts 10 
99 10 
100 10 
101 10 

'• ) 102 10 

1U4 10 

On 
t:W: 
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1 
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1 
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5/4/91 
4/ 
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6/20/91 . 
4/16791 
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5/o/9T 
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. Flelel 
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~------=~::::;: . 

. 
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10 
10 
10 
10 
10 
10 
10 
10 
10. 

_10 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
9 

un 
~ 

1 
1 
1 
1 
1 

1 
1 

1 
1 
1 

1 

1 
1 
1 
1 

1 
1 
1 

1 
1 
1 

1 

. 1 

1 

. 98 
98 

0 
. 

011 

1 

1 

6 
6 

0 
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. 

1 

1 

1 
1 

1 
1 
1 
1 

1 

1 
1 

24 
13 

u 

1 

.. 

1 

7/19/91 

4/23/91 
6/19/91 
6/6/91 
4/18/91 

414/91 
4 i:.ij!H 

6 I 13/!H 
4117/91 
6/21/91 
5112/!H 
6120/!H 
U/6/91 

7/27/91 ·---..., 
4/28/91' _) 
5/3/91 

5/6/91 
8/3/91 
7/21/91 
4/11/91 

6/23/91 

7/18/91 
6/10/91 
5/2/91 
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L Flel'! 

un uu 

~ 24 ~ 
Flow 

- .!!.S<l1A ~ 11<<111~ 
) 03-16 98 6 1~ 

03-23 97 6 24 1 

. 97 6 23 1652.56 
94 6 17 

_04~ 88 3 17 

-~ 78 2 15 1283.54 
04-27 70 1 14 703173 1139.14 

62 1 11 1010.79 
uo-11 54 1 11 044112 
0!'\-lR 51 1 11 !'\1!'\000 

50 1 11 
06-01 48 1 11 786.17 

45 1 11 'I 

OR-1!'\ 42 1 11 U0<7.<>V 

OR-22 37 1 11 <JIU<> .. O 

34 1 11 561.55 
ut-uo 33 1 11 660tdl 
07-13 27 1 11 ;ut6UO 

07~ 19 1 11 Hl~U77 

UI-'L.I 10 1 11 176.49 
4 1 11 
1 0 11 9904 16.04 

08-_17 0 0 11 0 0.00 

\ 0 0 11 0 0.00 
OBiS_!_ 0 0 11 0 0.00 
Ul1::'l:'_ 0 0 11 0 0.00 
09-_14 0 0 . 11 0 0.00 
_09~ 0 0 11 0 0.00-

0 0 11 0 0.00 

19~ 0 0 11 0 0.00 
10-12 0 0 11 0 0.00 
10-_19 0 0 11 0 0.00 

10~ 0 0 11 0 0.00 
11-02 0 0 11 0 0.00 
11-09 0 0 11 0 0.00 
11-16 0 0 11 0 . 0.00 

. 
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Number of wen. 
") ..... ..... ..... 

I') 
~ ~ ~ 8 I') ~ 

'--J 

0 0 0 

03-16 

03-23 

03-30 

04-06 

04-13 

04-20 

04-27 

05-04 

05-11 

05-18 

05-25 

06-01 

06-08 

06-15 I 06-22 

06-29 
:! 07-06 II 

:I!! 07-13 . ~ ~ Cl g 
"' 07-20 

07-27 

~ 08-03 

08-10 i 08-17 

.08-24 

08-31 

09-07 

09-14 

09-21 

09-28 

10-05 

10-12 IIIII D IISj 

10-19 ~ 0 0 = i 10-26 ~ ~ 
~ ~ 

11-02 p. 

11-09 

11-16 

J 



C) 

.) 

J 

03-16 
03-23 

03-30 
04-06 
04-13 

04-20 
04-27 

05-04 
05-11 
05-18 
05-25 
06-01 
06-08 

06-15 
06-22 
06-29 

07-06 

0 

Barrels 

II:! 07-13 
It 
~ 07-20 

07-27 

08-03 

08-10 
08-17 

08-24 
08-31 

09-07 
09-14 

09-21 
09-28 

10-05 +----+---+---t----+---,----'--r---1 
10-12 

10-19 

10-26 +------+------+------+------~~ 
11-02 
11-09 
11-16 ~----~------L------L------~----~----~ 



l FiC:ld 

"Neu • un Ull = I: 
1 1 
2 16 1 9/21 191 
3 16 1 9/1€ /91 
4 16 1 9/1 191 
6 16 1 "'' "'' 191 
7 . 16 1 9/19 191 
8 16 1 ~U/ rl:l1 
9 . 16 1 9/28 191 
10 16 1 10/9 191 
ll 16 1 191 
12 16 1 972979f 
13 16 -1 
14 16 -1 9730791 
18 16 1 
19 16 1 . 9724/9T 
20 16 1 
21 16 1 1075/91 
22 16 1 
23 16 1 "'"'.}1 
25 16 1 
26 16 . 1 
27 16 1 9/17/91 
28 16 1 9/18/91 
29 16 1 "f"'Uf"l ,) 
30 16 1 9/12/91 
31 16 1 
32 16 1 9 •/19 191 

. 33 16 1 9 1/19 191 
34 16 l 9 1/•v ... 
35 16 1 l/8 91 
36 16 1 9/8 191 
37 16 1 ' 9/1: /91 
38 16 1 9/13 /91 
39 16 1 /91 7/19 
40 16 1 9/7. 191 

Wells 27 0 8 
27 0 1 

. 

0 0 7 
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. Field 

~ 
on 

~ ~ =6 llk;,7~:!1 .- ~ 
) 27 u 

O!V:t~ 27 0 8 1/VIJU 1!l4.74 
u.>-.>u 27 0 8 1/VIJU 124.74 

27 0 8 1/VIJU 124.74 
04-13 27 0 8 

··~ 
124.74 

04-20 27 0 8 lfUUU 124.74 
u-o-.r. f 27 0 8 f fUUU 124.74 

27 0 8 ffUUU 124.74 
05-11 27 0 8 ffUUU 124.74 
05-18 27 0 8 ffUUU . 124.74 

27 0 8 ffUUU 124.74 
27 0 8 ffUUU 124.74 
27 0 8 f fUUU 124.74 

06-15 27 0 8 ((VIJU 124.74 
27 0 8 ((VIJU 124.74 
!l7 I· 0 8 ((VIJU 124.74 

U/·UO 27 u 1:! 1/VIJU 124.74 
07-13 27 0 8 1/VIJU 1!l4.74 
Uf•<GU 26 0 8 7414R 1!l0.1!l 
vo • ..,, 26 0 8 . 7414R 1!lU.1!l 

26 0 8 7414R l!lU.l!l 
08-10 26 0 8 74141:! l!lU.l2 
08-17 26 0 8 74148. l2U.l!l 

.. 26 0 8 74148 120.12 
) 08-31 26 0 8 74148 120.12 

U>J•Uf 25 0 8 71296 115.50 
09-14 17 0 8 78.54 
09-21 9 0 8 <GDOOf 41.58 
09-28 5 . 0 8 23.10 
10-05 l 0 7 2852 4.62 
10-12 0 0 7 0 I· 0.00 
10-19 0 0 7 0 0.00 
10-26 0 0 7 0 .o.oo 
11-02 0 0 7 0 0.00 
11-09 0 0 7 0 0.00 

• 11-16 0 0 7 0 0.00 
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NumberofWells 
·~ ..... ..... !$ t-:1 c.> '~ 0 0 t1l t1l t1l 

03-16 

03-23 

03-30 

04-06 

04-13 

04-20 

04-27 

05-04 

05-11 

05-18 

05-25 

06-01 

06-08 

I 06-15 

06-22 

06-29 Ia-
07-06. ~ 

·~ 07-13 S: ·~ 
I ll- 07-20 g 

07-27 
~ 08-03 = 08-10 fiJ ... 

08-17 Ill 

i 08-24 

08-31 

09-07 

09-14 

09-21 

09-28 

10-05 

10-12 llll &! 
10-19 0 tl ::s 

~ 10-26 ~ 11-02 ~ 
"'" 11-09 

11-16 

J 



Barrels () ..... !.;) c.> 

~ ~ ~ ~· ~ ~ 0 

03-16 
03-23 

03-30 
04-06 

04-13 

04-20 
04-27 

05-04 

05-11 

05-18 

05-25 

06-01 

06-08 
:! 06-15 ; 

06-22 

~ 06-29 

07-06 Cl 

) ~ 07-13 

I " ~ 07-20 
07-27 

• 08-03 1:1" 
08-10 ::! 
08-17 !!. 

j:l. 

08-24 • 
08-31 

09-07 

09-14 

09-21 

09-28 

10-05 

10-12 t3 
10-19 ~ 

10-26 ~ 

~ 11-02 

11-09 

11-16 



Raudhatlan Field History 

weu uamermg UD uu 
c..;enter DB J:Oorav 

1 15 1 
2 15 1 
3 25 1 

.4 25 1 
5 25 1 
6 15 1 
7 15 1 
8 25 1 
9 25 1 
10 15 1 
11 15 1 
12 25 1 
13 25 1 
14 15 1 
15 25 1 
16 15 1 
17 25 1 
18· 15 1 
19 25 1 
20 15 1 
21 15 1 
22 25 1 
23 25 1 
24 15 1 1 
25 25 1 
26 15 1 
27 15 1 
30 15 1 
33 25 1 
34 15 1 
35 15 1 

' 
36 15 1 
37 25 1 
.38 15 1 
43 15 
44 15 1 
45 . 15 1 
46 15 1 
47 15 1 
~ 15 1 
49 15 1 
50 15 1 
51 15 1 
52 25 1 
53. 25 1 
54 25 1 . 

55 15 1 
56. 15 1 
57 15 1 
58 25 1 
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Date 
' 

' 9/24/91' 
8/23/91 
9/25/91 
10/6/91 
10/11/91 
8/21/91 
10/22/91 
9/30/91 
10/23/91 
9/26/91 
8/26/91 
9/27/91 
10/31/91 
10/31/91 
9/24/91 
10/9/91 

10/18/91 
10/7/91 
9/22/91 
10/30/91 
10/30/91 
10/2/91 
10/6/91 . 

10/13/91. 
10/6/91 

10/25/91 
9/17/91 
10/30/91 
10/15/91 
11/1/91 
10/19/91 
9/23/91 
10/3/91 
10/9/91 

1 
8/18/91 
10/23/91 
11/6/91 

10/25/91 
10/10/91 
10/29/91 
10/17/91 
10/18/91 
10/4/91 
9/13/91 
9/27/91 
10/15/91 
9/25/91 
10/9/91 

10/21/91 
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Raudhatlan Field History (Continued) 

r ~ell Gatneri.Dg on 011 Date 
) ~ 

center l!lR snrav 
15 1 

61 25 1 
62 15 1 10/24/91 
63 25 1 10/17/91 
64. 15 1 10/26/91 
65 15 1 
66 15 1 10/15/91 
67 . 15 1 10/18/91 
68 25 1 8/24/91 
69 25 1 9/23/91 
70 15 1 
71 15 1 10/15/91 
72 15 1 
73 15 ' 10/31/91 • 
74 15 1 10/4/91 
75 15 1 8/19/91 
76 25 1 10/28/91 
77 25 1 8/21/91 
78 25 1 10/10/91 
79 25 1 10/10/91 
80 15 1 10/12/91 
63 25 1 4/23/91 

- 64 25 1 9/23/91 
) 85 15 1 

Wells 62 8 6 
Controlled 62 8 8 

·. 

Remaining 0 0 8 

.J 
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Raudhatlan Field Summary 

UD U1l Flow FlOw 

~ 
l1!:§ snrav avl ' 62 3 6 345000 558.90 \_ ) 

03-23 62 3 6 345000 558.90 
os--30 62 3 6 345000 558.90 
04-06 62 3 6 345000 558.90 
04-13 62 3 6 345000 558.90 
04-20 62 3 6 345000 558.90 
04-27 62 3 5 345000 558.90 
05-04 62 3 5 345000 558.90 
05-11 62 . 3 5 345000 558.90 
05-18 62 3 5 345000 558.90 
05-25 62 3 5 345000 558.90 
06-01 62 3 5 345000 558.90 
06-08 62 3 5 345000 558.90 
06-15 62 3 5 345000 558.90 
06-22 62 3 5 345000 558.90 

. 06-29 62 3 5 345000 558.90 
07-06 62 3 5 345000 558.90 
07-13 62 3 5 345000 558.90 
07-20 - 62 3 5 345000 558.90 
07-27 62 3 5 345000 558.90 
08-03 62 3 5 345000 558.90 
08-10 62 3 5 345000 558.90 
08-17 62 3 5 345000 558.90 
08-24 58 1 5 313154 507.31 
08-31 57 - 1 5 307846 498.71 ' 

) 
09-07 57 1 5 307846 498.71 
09-14 56 1 5 302538 490.11 
09-21 . 55 1 5 297231 481.51 
09-28 44 1 5 238846 386.93 

. 10-05 39 1 5 212308 343.94 
10-12 27 1 5 148615 240.76 
10-19 17 0 . 4 90231 146.17 
10-26 10 0 3 53077 85.98 
11-02 1 0 3 5308 8.60 
11-09 0 0 3 0 0.00 
11-16 0 0 3 0 0.00 
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() Barrels 
..... ..... 

~ 
l'.::> "' "' 

0 ~ ~ ~ ~ ~ 
03-16 

03-23 

03-30 
04-06 
04-13 

04-20 

04-27 
05-04 

05-11 

05-18 

05-25 

06-01 
06-08 

06-15 :1 
~ 06-22 

06-29 ~ 
) 07-06 Cl 

I 

~ 07-13 r It 
~ 07-20 g: 

07-27 

i 08-03 

08-10 

08-17 ~ 
08-24 15: 
08-31 

09-07 

09-14 

09-21 
09-28 

10-05 

10-12 IE 
10-19 ~ 
10-26 ~ 
11-02 61' 

FD 
11-09 

,J 11-16 



·Number of Wells \") .... ~ c.> ~ 0 0 

03-16 

03-23 

03-30 

04-06 

04-13 

04-20 

04-27 

05-04 

05-11 

05-18 

05-25 

06-01 

06-08 r 06-15 

I 06-22 

06-29 

07-06. 

~ 07-13 
~ ) e. 

" Iii' 
•. 

"'07-20 
07-27 g 
08-03 ~ 
08-10 = 
08-17 

fl) 

~ 08-24 

08-31 
Ul 

09-07 

09-14 

09-21 

09-28 

10-05 

10-12 

10-19 1111 D 
0 0 

10-26 ::! "" 
11-02 ~ !§ 

~ 11-09 

11-16 

~ 



'Field 

,~ ~~~- UD Ull 

I C::a ~ ~ .1!: ~ 

. WELL 111::;1' >ARE NOT c-.; FOR rHIS 

wellS 0 0 0 
0 O· o· 

R.,malnln" 0 0 0 
' 

.) 
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Sabriyah Field History 

- -
wen uatnermg un Ull - Date 

n r ml: ISDrav ' 
1 23 1 10/23/91'-

) 
2 23 1 10/25/91 
3 23 1 
4 24 1 9/11/91 
5 24 1 9/19/91 
6 24 1 9/18/91 
7 23 1 10/15/91 
8 24 1 10/25/91 
9 23 1 10/12/91 
10 23 1 
11 23 1 
13 24 1 
14 24. 1 
17 24 1 10/17/91 
18 23 1 11/1/91 
19 23 1 10/29/91 
20 23 1 10/16/91 
21 24 1 10/20/91 
22 24 1 10/15/91 
23 24 1 9/21/91 
24 24 1 9/12/91 
26 23 1 10/19/91 
27 24 1 10/20/91" 
28 23 1 10/17/91' ) 
29 23 1 10/1/91 
30 23 1 10/18/91 
31 24 1 10/21/91 
32 24 1 9/15/91 
33 24 1 10/14/91 
34 23 1 10/26/91 
35 23 1 4/23/91 
36 23 1 10/19/91 
37 23 1 10/26/91 
38 24 1 9/11/91 
39 23 and 24 1 10/19/91 
40 23 1 9/13/91 
41 23 1 10/28/91 
42 23 1 8/27/91 
43 24 1 10/20/91 
44 24 1 10/18/91 
45 24 1 9/11/91 
46 24 1 10/15/91 
47 24 1 10/19/91 
48 23 1 11/6/91 
49 24 1 9/13/91 
50 24 1 10/22/91 
51 24 1 10/21/91 
59 23 1 ) 
60 23 1 
61 23 1 10/12/91 
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) 

J 

• Field 
. 

23 
63 23 
64 23 

WellS 

On 

1 
1 

38 
38 

0 

4 
4 

0 
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9 
4 

5 

. 

10/12791 
10/1379T 

. 
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Sabrlyah Field Summary 

un _U_l! 1"10W 1"10W 

~ ~ r ( 
03-16 38 4 9 200000 324.00 ·~ 

) 
03-23 38 4 9 200000. 324.00 
03-30 38 4 9 200000 324.00 
04-06 38 4 9 200000 324.00 
04-.13 38 4 9 200000 324.00 
04-20 38 4 9 200000 324.00 
04-27 38 4 8 200000 324.00 
05-04 38 4 8 200000 324.00 
05•11 38 4 8 200000 324.00 
05-18 38 4 8 200000 324.00 
05-25 38 4 8 200000 324.00 
06-01 38 4 8 200000 324.00 

·. 06-08 38 4 8 200000 324.00 
06-15 38 4 8 200000 324.00 
06-22 38 4 8 200000 324.00 
06-29 38 4 8 200000 324.00 
07-06 38 4 8 200000 324.00 
07-13 38 •4 8 200000 324.00 
07-20 38 4 8 200000 324.00 
07-27 38 4 8 200000 324.00 
08-03 38 4 8 200000 324.00 
08-10 38 4 8 200000 324.00 
08-17 38 4 8 200000 324.00 
08-24 38 4 8 200000 324.00 
08-31 38 3 7 195238 316.29 

) 
09-07 38 3 7 195238 316.29 
09-14 34 1 7 166667 270.00 
09-21 31 1 6 152381 246.86 
09-28 31 1 6 152381 246.86 
10-Q5 30 1 6 147619 239.14 
10-12 28 1 5 138095 223.71 

. 10-19 15 0 . ' 5 71429 115.71 
10-26 4 0 5 19048 30.86 
11-02 1 0 5 4762 7.71 
11-09 0 0 5 0 0.00 
11-16 0 0 5 0 0.00 
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i:J Number ofWeJJa 
..... !5 ~ ~ 0 0 

03-16 

03-23 

03-30 

04-06 

04-13 

04-20 

04-27 

05-04 

05-11 

05-18 

05-25 

06-01 

06-08 

06-15 ! 
06-22 f 06-29 

07-06 :! 
ct 

) ~ 07-13 -~ 
~ 07-20 g 

07-27 ~ 
08-03 = 08-10 I 08-17 

. 08-24 

08-31 

09-07 

09-14 

09-21 

09-28 

10-05 

10-12 

10-19 IIIII 0 

10-26 ~ 0 = 
11-02 ~ ~ ~ 11-09 

11-16 



Barrela ') .... .... "' "' 
0 ~ ~ ~ ~ 

03-16 

03-23 
03-30 
04-06 

04-13 
04-20 
04-27 

05-04 

05-11 

05-18 

05-25 
06-01 

06-08 
:1 06-15 ; 

06-22 
06-29. ~ 
07-06 n ) 

~ 07-13 

~ It 

"' 07-20 
07-27 i 08-03 

08-10 :! 
08-17 6: 
08-24 .. 
08-31 

09-07 
09-14 

09-21 

09-28 

10-05 

10-12 liD 
10-19 

~ 10-26 

11-02 ~ 
11-09 "' 
11-16 .) 



'&" 'Field 
. 

wen. on ~- ~ (_ ~ 

. • WELL m:::m ; ARE NOf AVAri ""'• ~FOR TillS FIElD** 

wens 0 0 0 
0 0 0 

0 0 0 
. 
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.umm 'Flelel 

~ on on 
~ ~ I c::4:.) . I':!B 

. 

rTAT, WELL H.l::51' l ARE NOf AVATT A lin: FOR TinS FI"'T T\** 

WeDs 0 .. 0 0 
0 0 0 

0 0 0 

) 

.J 
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1umm Field 

r -1---------'~=w~ '-----+------=~'---+--~~· uln_ ~~--t----r~~~~~~ifrt;-~,1'~ 
3 17 l 10/3/91 
4 17 1 . 1/91 
5 1~ 1 9 '15/91 
6 · 17 . 1 D/7/91 
7 18 •1 9/18/91 
8 17 1 10/8/91 
9 17 1 . 10/5/91 
10 17 1 . 9/26/91 
11 . 18 
12 17 
13 17 
!_4:. 18 
15 . 17 

~ .18 
17 _1_7 
18 _1_8 
.l_!l_ _17 
:l_O _ 18 
21 E 
22 17 

1 

1 
1 
1 
1 

1 
1 

1 
1 

1 
1 

1 

23 1~ 1 

10/1[91 
9/20191 
9/28/91 
9/25/91 
~I 191 
9/22/91 
10/2191 

10/5191 
_!0/4191 

-~--~2~4-----r--~1.'7~-+~--.----r----~------·---+--1~~~~rl 
25 17 l 10/6/91 
26 1~ 1 . 

27 17 1 9/30/91 
2~· 17 1 1 10/6/91 
29 18 1 9/25/91 
<SU 17 1 10/2/91 
31 17 1 
<S2 . 17 1 10/8/91 
;j;j 18 1 l91 
34 17 1 W/7/91 
<S5 17 1 lU '10/91 . 
<S6 17 1 10/4/91 
<S7 17 1 
3~ 17 1 1011(91 
39 17 1 10 /91 
40 17 
41 17 1 
42 16 1 
43 16 1 
44 16 

. 

WellS 27 3 
27 3 
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1 

1 

. 12 
6 

9/~fllH 

9/21/91 
9/29/91 
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1umm ·Field 
. 

On Oil FlOW FlOW . 

12 ~ ~ ~ ~) 03-16 27 3 61000 98.82 
27. 3 12 98.8~ 

. . 27 3 12 98.82 
27 3 12 61000 98.82 

04-13 . 27 3 . 12 98.82 
27 3 12 98.82 

I.J't-;{o { 27 3 12 98.82 
. 27 3 12 98.82 

05-11 27 3 12 I':HVV\ 98.82 
Ofi-lR 27 3 12 1':1(\(V\ 98.82 

27 3 12 1':1(\(V\ 98.82 
06-01 27 3 12 1':1(\(V\ 98.82 

27 3" 12 1':1(\(V\ 98.82 
06-lfi 27 3 12 1':1(\(V\ 98.82 

27 3 12 1':1(\(V\ 98.82 
27 3 12 98.82 

07-06 27 3 . 12 98.82 . 

07-13 27 3 12 98.82 
07-20 27 3 12 98.82 
UI-"L.I . 27 3 12 98.82 

27 3 12 98.82 
27 3 12 98.82 

08-17 27 3 . 12 61000 
27 3 12 61000 ) 

oa-31 27 3 12 61000 98.82 
u~-u1 27 3 12 61000 
09-14 27 . 3 12 61000 
09-21 23 3 11 . tl"L.!:St)"f 

16 . 2 10 
10-05 6 1 8 1o!l')qq 

10-12 0 0 6 0 0.00 
10-19 0 0 ' 6 0 0.00 
10-:to 0 0 6 0 0.00 
11-0:.! 0 ·0 6 0 0.00 
11-09 0 0 6 0 0.00 . 

11-1o 0 _0 6 0 - 0.00 
. ' 
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(] Number ofWella 
.... .... !:!: ~ ~ (1.) "" 0 0 til til til til 

03-16 

03-23 

03-30 

04-06 

04-13 

04-20 

04-27 

05-04 

05-11 

05-18 

05-25 

06-01 

06-08 I 06-15 

06-22 ~ 
06-29 

g. 

07-06 ~ 
_) ~ 07-13 :2 

It ct 

"' 07-20 -~ 
07-27 g 
08-03 ! 08-10 

08-17 I'll 

08-24 E 
08-31 i 
09-07 

09-14 

09-21 

09-28 

10-05 

10-12 

10-19 
IIIII D IIIII 
0 0 t:J 

10-26 ::s = i 
11-02 ~ f C§ 
11-09 

t:lo 

.J 
11-16 



Barrela 

0 

03-16 

03-23 

03-30 

04-06 

04-13 

04-20 

04-27 

05-04 

05-11 

05-18 

05-25 

06-01 

06-08 

06-15 

06-22 

06-29 

07-06 

~ 07-13 
It 

"' 07-20 
07-27 

08-03 

08-10 

08-17 

08-24 

08-31 

09-07 

09-14 

09-21 

09-28 

10-05 

10-12 

10-19 

10-26 

11-02 

11-09 

11-16 



'FielC!_ 

weu 
~ 

UD · Ull Date 
D!:l: 

. 

"lNDlV. !TAT, WELL ARF, Nor AVP. rr ""''":FOR 'TillS F1EID** 
I . 

Wells 6 33 N/A 
6 33 N/A 

0 0 N/A 

Prepared by the Arabian Gulf Program Office-11/19/91 Page 37 



·-All (Not 
_!'l~w ... 

un 

¥ 
J.I"IOW 

-~ (,) 03-16 605 _108 61.86 110021.67 
~:_23 604 . 46 _!()_6 ~.76 . 

603 46 102 
' 600 46 93 61.37 _9941~5 

593 40 91 9't~v= 
04-20 579 38 . 87 
V't-.c.l 50!:1 37 84 57.30 9282.15 

558 34 79 
05-11 546 33 . 78 54.51 AA."'l .~2 
05-18 535 32 78 !i."'.2'),' AA'J.O.Qfi 

525 32 78 
06-01 517 30 77 51.01 

. 512 25 76 4Q.RQ Ofi 
06-1 fi 501 24 75 48.61 lUI OJo-r.J 

490 23 73 47.38 7676.11 
481 21 73 4ft lR 74Rl.AA 

ut-uo 474 . 21 73 4fi.40 73fi4.QR 
07-13 4,55 1!:1 73 43.10 07 
07-20 ~436 l!l_ 72 41.03 UV'<I .~. 

0'!:__27 421 18 71 6396~17 
406 18 70 37.93 6145._16 
3!:10 15 68 

08-17 371 14 68 33.42 _f)414~ 

) 352 12 68 31.28 _fl067-!!_ 
08-31 335 10 67 2!:1.11 4716.04 
u~-ut 314 10 67 4317.50 

271 8 67 • 22.44 
0!:1-21 246 8 65 20.84 3375.81 

206 7 64 17.7!:1 2881.!:12 
10-05 168 5 61 14.90 2414.24 
10-12 ' ll7 2 58 10.33 1673.53 
10-1!:1 73 0 55 6.60 ~1 

10-26 30 . 0 54 2.67 
ll-02 2 0 54 0.10 1_6.3_1_ 
ll-09 0 0 54 0.00 0.00 
11-16 0 0 54. 0.00 0.00 

. 

J 

. Prepared by the Arabian Gulf Program Office-11/19/91 Page 38 



() 

.J 

03-16 

03-23 

. 03-30 

04-06 

04-13 

04-20 

04-27 

05-04 

05-11 

05-18 

05-25 

06-01 

06-08 

06-15 

06-22 

06-29 

07-06 

~ 07-13 
It 

"' 07-20 
07-27 

08-03 

08-10 

08-17 

08-24 

08-31 

09-07 

09-14 

09-21 

09-28 

10-05 

10-12 

10-19 

10-26 

11-02 

11-09 

11-16 

Number ofWeUa 



100,000 Barrela 

0 
.... 
0 ~ ~ ~ ~ 

8 8 8 8 8 8 
03-16 

03-23 

03-30 

04-06 

04-13 

"04-20 

04-27 

05-04 
· nk_,, ..,..., ...... 
05-18 

05-25 

06-01 

06-08 

06-15 

06-22 

06-29 

07-06 

Ill 07-13 
It 

"' 07-20 
07-27 

08-03 

08-10 

08-17 

08-24 

08-31 

09-07 

09-14 

09-21 

09-28 

10-05 

10-12 

10-19 

10-26 

11-02 

11-09 

11-16 ) 



i) 

Summary of the GULFEX flights. 

23rd - 31st March 1991 
by 

M.A.Gibbs, D.W.Johnson, . . 

C.G.Kilsby and D.S.McKennL 

Meteorological Research Fli!ht 

Y 46 Building 

. Royal Aerospace Establishment 

Farnborough 

Hant• GU14 6TD 

Mayl991 

- 1 -



CONTENTS 

Page 

1. Introduction. 3 

2. C·130 Measurements. 3 

3. Flight A074. 5 

4. Flight A075. 7 

5. Flight A076. 10 

6. Flight A077. 12 

7. Flight A078. 16 

8. Flight A079. 18 

9. Flight A080. 22 

10. Flight A081. 26 ,) 
11. Bottle samples- flight ctOII reference table. 29 

12. Summary of filters apooed on each flight. 30 

13. Flight Track Plots. 32 

14. Height time series for each flight. 40 

15. S Div Nephanalysis for each flight. 48 

16. Synoptic charts for each flight. 54 

17. Summary of videos recorded on each flight. 60 

18. Other information available. 79 

. 
- & -



1. INTRODUCTION. 

Between the 22nd March and the 2nd April 1991 the C-130 aircraft of the Meteorological Re
search Flight (MRF) wu detached to the Gulf to uaess the environmental effects of the smoke 
from the Kuwaiti oil well fires reaultilig from the Kuwait - Iraq war. The aircraft wu based 
throughout the meanu-ement phase of GULFEX (GulfEl:periment) in Bahrain. 
The major objective of the experiment .,.... 

To characterise the oil smoke plume at a number of downwind distances in terms 
of its dynamics, its particulate density, its chemical composition, its effect on solar 
and infra-red radiation and its interaction with water cloud in order to improve our 
assessments of the impact of the plume on the local, regional and global environment. 

Secondary aims were to validate the predictions of the mesoscale and nuclear accident numerical 
modeis, to investigate the morphology of the smoke particulates and to study the microwave 
characteristics of the oil slicks on the sea . 

2. C-130 MEASUREMENTS. 

Eight scientific sorties were fiown over a nine day period (totalling 57 hours ftying time) from 
Bahrain over the Gulf, Kuwait, Saudi Arabia and Qatar. The measurements made can be split 

·up into four categories. · 

(a) Standard meteorol<>Sical parameters 

(i) temperature, 

(ii) dew point, 

(iii) wind speed and direction, 

( iv) vertic&i velocity, 

. '• 
(v) liquid water, · 

(vi) total water, 

(vii) position and 

(viii) forward and downward facing 'rideo. 

(b) Radiation measurements 

(i)_ broad band radiation fiuxes made with the pyranometen and pyrgeometers in the 
solar, near infra red (0.3 - 31"11) and infra red wavelengths ( 4.0 • 50!=), 

(ii) narrow band radiances made with the multi channel radiometer (MCR) at both visi· 
ble/near infra red (0.55 · 2.31"11) and infra red wavelengths (10 ·141"11), 

(iii) the total scattering coeflicient .,.... measured with the nephelometer, 

(iv) a PRT 4 radiometer was used to measure the cloud top temperature and sea surface 
temperature and 

(v) microwave measurements were made with the MARSS radiometer (89 aud 157GHz). 

(c) Chemistry measurements 

(i) Ozone - chemi-luminescent detector, 

(ii) NO • chemi-luminescent detector, 

(iii) NOx • chemi-luminescent detector, 

- 3 -
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(iv) S02 -hydrogen llame photometric detector, 

( v) electron capture gas chromatographs were used to measure trace chemicals such as 
PAN and . 

(vi) bottle samples. 

(d) Cloud physics and aerosol measurements 

(i) the passive cavity aerosol spectrometer probe (PCASP) was used to measure particles 
in the size range 0.1 • 3.0,um, 

(ii) the fDl'W&rd scattering spectrometer probe (FSSP) was used to measure particles in 
the size range 1.0 - 45p.m, 

(iii) the 2P cloud probe was used to measure particles in the size range 25- 80011%'l 

(iv) some holograms were exposed (these can resolve particles larger than 10,um) and 

(v) filter samples. 

Table 1 summa..-izes the instruments used on each fiight and gives some idea of how they per
formed. 

INSTRUMENT A074 A075 
Static Head 0 0 
Pi tot-static 0 0 
Gust probes 0 0 

ICTP 0 0 
De-iced thetm 0 0 

Non de-iced thetm 0 0 
General Eastern hygro 0 0 

CCN· X 0 
Nephelometer - o. 0 
Filter boom 0 0 

Bendix Ozone 0 0 
Desibi Ozone 0 X 

S02 0 0 
NOx 0 0 

Bottle samples X 0 
ECGCs 0 .0 

2D cloud probe 0 0 
PC ASP 0 0 
FSSP 0 0 

Holography X X 
JW liquid water 0 0 

Total water 0 0 
BBR 0 0 

Barnes PRT4 0 0 
MARSS 1 X 

MCR 0 0 
0 Instrument operated successfully 
X Instrument did not operate 
1 MARSS switched off 1105 

A076 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
X 
0 
0 
0 
0 
0 
0 
0 
X 
0 
0 
0 
0 
0 
0 

2 2D cloud probe switched off during the flight 
3 2D cloud probe was very noisy 

A077 A078 A079 
0 0 0 
0 0 0 
0 0 0 
0 0 0 -
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
X X X 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 3 3 
0 0 0 
0 0 0 
X X X 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

Table 1: Summary of instruments for each flight 
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A080 A081 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
X X 
0 0 
0 0 
0 0 
0 0 
X X 
0 0 
0 0 
0 0 
0 0 
3 2 
0 0 
0 0 
0 X 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

J 



3 •. Flight A074 GULFEX 1 23rd March 1991 

Thia ,... the fint GULFEX .flight uui, primazily, ,.. 11D1ictaka u m imtrument tl!lt. The 
operatmg area wu to the south eat of Bahrain u far eut u l!.U Al Kbaimah md then south 
wat Oft1" Saudi .Arabia. SubHqUGit to the 11ight, the Nephaulysia c:azried out by S Div showed 
that the aircntl fiJI&Y haw been .flying in. a vwy old plume. Du:ing the 11ight the boundary 
layer ,... e:tremely buy but it wu dlflicult to make out my sipific:aut smoke plume. Ver
tical saw tooth pattems wwre c:azried out for the fiJI&jority of the .flight with the aircraft going 
from 50ft to jut &bow the coa."ftetiw bouDdcy layer_ whee the ..Wbility improved cousiderably. 

The synoptic situati011 showed au, ac:ti..., d.ftloping low pnnare system moving into the Gulf 
with a light south -t.-ly ahead. of the cold !rout. · 

Table 2 summ•ri•• the rum aad profiles f1JI&de in A074 aad table 3 shows the MCR con.fig
urati011 used for each pet of the 11ight. (N .B. the number in brackets after my tim"" refers 
to a DRS event mak aad the cabin column refers to whether the ai:aa!t wu pressurised or 
not du:ing the run or profile. P = pressuriled, U = 1UipressuriHd. aad B implll!l both states 
occurred during the run.) 

RUN START END HEIGHT HEADING CABIN COMMENTS 
NO _(_GMTJ_ _(GMT) '(ft) . (~) 

101310 Take otf Bahrain. 
· P1· 102508(2) 105317(9) 50-20,000ft 100 . P. Initial profile (over 

. . 1/8 Ci very hazy 
lU.1 lll310(15) 112132(17) 50-8,000ft 100 B Start of saw tooth p1 

Oft1" sa • ascending 
R.l.2 112202 18) 113216(21) 8,000-50ft 100 u Saw tooth dl!lcending 
lU.3 11321~ 21) 115743(29·) 50-20,000ft 100 B Saw tooth ascending 
R.2.1 121724(35) 122331(37) 50-8,000ft 250 B New saw tooth profile 

sea • ascending 
R.2.2 122715(39) 123237(41) 8,000-3,000ft 250 u dl!lcending 
R.2.3 123237 41) 123810(43) 3,000-S,OOOft 250 u ascending 
R.2.4 123905 44) 124812(45) 8,000-50ft 250 u descending 
R.2.5 124812(45) 125702(49) 50-8,000ft 230 u ascending, 7/8 Ci 

hazy 
R.2.6 125702(49) 130550(53) 8,000-50ft 260 u descending 
R.2.7 130550(53) 131447(54) 50-8,000ft 260 u ascending 
R.2.8 131447(54) 132052(57) 8,000-2,000ft 250-200 u descending, ending 

land (desert) 
R.3.1 132127(58) 132709(60) 2,000-S,OOOft 190 u New saw tooth profile r 

desert • ascending 
R.3.2 132748(61) 133350(62) 8,000-2,000ft 185 u descending 
R.4.1 133434(63) 134025(65) 2,000-8,000ft 220 . u New saw tooth profile c 

desert • ascending 
R.4.2 134046(66) 134701(68) 8,000-2,000ft 220 u descending 
R.4.3 134713(70) 135323(73) 2,000-8,000ft 210 u ascending · 
P2 135812(74) 140844(77) . 8,000-18,000ft 040 p Profile ascent, 7 f 8 Ci v 

huy 
P3 140844(77) 142949(87) 18,000-50ft 040-350 B Profile .dl!lcent over sea 
P4 142949(87) 144514(91) 50-16,000ft 350-325 B Profile ascent over the' 

150435 Land Bahrain 

Table 2: Summary of profila and runs for .flight A074 

- 5 -



RUN NO. MCR CONFIGURATION 
P1 CBB, HBB 104531, CBB 105115 (LW CAL) 

Rl.1 Nad 
Rl.2. Nad, HBB 112459, Off 112500, Nad 112811 
Rl.3 HBB 113806, Zen 1150 (SW CAL), Zen 1153 (LW CAL) 
R2.l Zen 
R2.2 HBB, Zen 123047 
R2.3 Zen 
R2.4 Nad 
R2.5 Nad 
R2.6 CBB 
R2.7- Nad 
R2.8 Nad 
R3.1 Nad 
R3.2 CBB 
R4.1 CBB 
R4.2 H!IB, Zen 134046 
R4.3 Zen, CB:B ;1.34810, HBB 135137 
P2 Nad, CBB 140411, HBB 140744 
P3 HBB, Zen 141218, Nad 142542 
P4 Nad, HBB 144227 

Nad ·Nadir 
Zen. Zenith 
CBB • Cold Black Body 
HBB • Hot Black Body 
LW CAL· Long Wave Calibration 
SW Cal • Short Wave Calibration 

Table 3: Summary of MCR conJigurations for flight :A074 

- ~ -
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4. Flight A075 GULFEX 2 24th March 1991 
. -~· ..... 

This was the first GULFEX Bightc. to be iown through a visibly thick smoke plume. A large 
proportion of the iight was carried .. out in the northern Gulf close to Kuwait (i.e. in the near 
field of the sources) where the suri'au wind was a light north westerly. However the higher 
you went the more the wind went round to a south .,...terly. The smoke was very thick and 
appeared to be coming mainly from a source south of Kuwait City. All the smoke was present 
below 14,000ft and at times there was some cumuius and altocumuius mixed in with it. 

The synoptic situation showed a deep low pressure system over Jordan, slowly moving east. 
The associated cold front had cleared through Kuwait and Bahrain overnight and had now be
come slow moving over the southern Gulf. Cloud from the front remained over the central Gulf. 

Tables 4, 5, 6 and 7 summarize the runs and profiles, CCN counter operations, MCR con
figurations and bottle samples respectively for this iight. 

RUN STA.Icr END HEIGHT HEADING CABIN COMMENTS 
NO (GMT) (GMT) (ft) (deg) 

064040 Take off Bahrain 
P1 064814(1) 071411(5) 50ft·FL200 320·250 p Initial profile ascending 

out of plume 
· Rl.1 . 073706(8) 074209(10) FL200 250 p Box pattern above plume 
R1.2 074330(11) 074846(15) FL200 160 p Box pattern 
R1.3 075241(16) 075642(17) FL200 070 p Box pattern 
Rl-4 075750(18) 080124(19) FL200 335 p Box pattern 
Rl-5 080401(20) 082156(22) FL200 225 p Over plume, some Cu asso-

ciated with it 
.R1.6 082523(23) 083330(24) FL160 '045-155 Over plume 

P2 083823(27) 085732(30~ FL160·50ft 155-335 Profile descending out of 
plume 

R2.1 085910(31) 091100(32) 1000ft 340 B Run across plume under 
ScAc layer 

R3.1 091458(33) 092312(35) 2000ft 140 u Run across plume 
R3.2 092627(36) 093232(37) · FL050 320 u Rlin across plume 
R3.3 094151(38) 094420(40) FL140 150 p Run across plume 
R3.4 094851(41) 095336(42) FLlOO 310 p Run across plume 
R3.5 095953(44) 100759(4) FL100 230 p Run across plume 
R4.1 105027(5) 110122(7) FL100 080-040 p Run through plume, mixed 

cloud and smoke 
R4.2 110408(9) 111634(10) FL120 215·200 p Run through plume 
P3 112651(12) 114918(16) FL200-250ft 220·080 p Profile through plume 

P4.1' 115205(18) 115910 1000ft-FL080 140 B . Start of sawtooth profiles -. . 
ascending 

P4.2 115910 120739(21) FL080-50ft 140 B Descending 
P4.3 120739(21) 121541(2) 50ft-FL080 140 p Ascending. clear above 

hazy below 
P4.4 121541(2) 122444(6) FL080-50ft 150 p Descending 
P4.5 122444(6) 123346(7) 50ft-FL080 150 p Ascending 
P4.6 123346(7) 124235(9) FL080-50ft 150 p Descending 
P4.7 124235(9) 125106(10) 50ft·FL080 150 p Ascending 

130305 Land Bahrain 

-Table 4: Summary of profiles and runs for iight A075 

- 7 -



ALLEVIATOR ALLEVIATOR HEIGHT COMMENTS 
START END 
0645?! 064640 l,OOOft transit 
0657!! 065957 FL160 Pl 
0713!? 0714!! FL200 Pl 
072400· 072709 FL200 'Iramit 
074311 074519 FL200 R1.2 
075442 075656 FL200 . Rl.3 -

081455 081655 FL200 R1.5 
082633 083026 FL160 Calibrate, R1.6 
084606 084818 FL100-FL060' Calibrate, P2 

. . 

085728 085932 50FT P2 
0922 Cabin air pouibly satllrated 

0942!! 094410 . FL140 R3.3 
0959!! ·1!10147. FLlOO Possibly saturated, R3.5 

... 102238 102515 FL200 T:ranait 
103301 103540 FL200 'Iramit 
105027 105233 FLlOO Satmated, R4.1 
105847 110048 FL100 Saturat~ R4.1 
110840 111042 FL120 Saturated, R4.2 
114006 114220 FL100-FL080 Calibrate, saturated, P3 
124938 125204 FL070-FL080 P4.7 

Table 5: Summary of CCN counter operations for flight A075 

• 
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RUN NO. MCR CONFIGURATION 
P1 Nad, HBB 065425 (LW CAL), Nad 070606, CBB 071216 (LW CAL) 

Rl.1 
Rl.2 
R1.3 
R1.4 
Rl.5 
R1.6 
P2 

R2.1 
R3.1 . 
R3.2 
R3.3 
R3.4 
R3.5 
R4.1 
R4.2 
P3 

P4.1 
P4.2 
P4.3 
P4.4 
P4.5 
P4.6 
P4.7 

Nad ·Nadir 
Zen· Zenith 

Zen (SW CAL) 
Zen 
Zen 
Zen 
Zen 
Zen, CBB 083823 (LW CAL) 
CBB 
CBB 
CBB, Zen 092035 
Zen 
Zen 
HBB 
Zen 
HBB, Zen 105106 
Zen 
Zen (SW CAL) . 
HBB, Nad 115421 
Nad 
Nad 
Nad 
Nad 

HB~ 
HBB -

-

Ci3B • Cold Black Body 
HBB • Hot.Black Body 
LW CAL - Long Wave Calibration 
SW Cal - Short Wave Calibration 

. 

Table 6: Summary of MCR configurations for llight A075 

BOTTLE PURGE FILL FILL HEIGHT COMMENTS 
NO. START START END 
R17 105000 105400 105700 FL100 Run 4.1 
R31 110000 110538 110800 FL120 Run 4.2 

Table 7: Summary of bottle samples for llight A075 
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'. 
s. Flight A076 GULFEX 3 25th March 1991 

On the climb out of Bahrain the aircraft pressurization failed and for the rest of the fiight 
the aircraft was forced to remain below 8,000ft. This caused problems with the DRS overheat
ing and failing especially near the begin'Jing of the 1!ight. A thick smoke pllime was once again 
encountered in the northern part of the Gulf and some cloud was mixed in with it. The majority 
of the-fiight was spent in this area i.e. in the near field of the plume. At the end of the fiight a 
transit to Riyadh was made to pick up some spve parts for the acu. The nephanalysis indicates 
that this transit was c:looe to or in the plume from the fires. 

The synoptic situation showed a very slack pres·aure area over the northern Gulf and a slow 
moving, complex frontal system over the southern Gulf. 

Tables 8, 9, 10 and 11 summarize the runs and profiles, CCN counter operations, MCR conlig· 
urations and bottle samples respectively for this fiight. 

RUN START END HEIGHT HEADING CABIN COMMENTS 
NO (GMT) (GMT) (ft) (deg) 

064230 . Take ofF Bahrain . 
R1.1 082934{1) 084224(2) FL080 150 B Run through plume 
P1 084300(3) 085838(7) FL080-50ft 225-45 :B Profile through plume de-

scending, very dark at 
times 

P2 090154(10) 091527(20) 100ft-FL080 325 B Profile through plume 
ascending 

R2 095741(21) 101144{22) FL060 150 B Run through plume 
R3 101708(24) 103122(25) FL060 280 B Run through plume 
R4 103314(27) 105045{30) FL060 075 B Run through plume, high 

502 values 
R5 110308(34) 112007(37) FL080 140·205 B Run through plume 

123612 Land Riyadh ACU U /S 

Table 8: S=m•ry of profiles and runs for fiight A076. 
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ALLEVIATOR ALLEVIATOR HEIGHT COMMENTS 
START 
0649!! 
0823 
0830 
0840 
0848 
0855 
0904 
1104 
1112 

112924 
114117 
115312 
120431 

RUN NO. 
Rl.l 
P1 
P2 
R2 
R3 
R4 
R5 

Nad ·Nadir 
Zen· Zenith 

END· 
0652!! FL080..FL100 Tramit 

FL080 Cabin air 
Cabin air 
Saturated, cabin air 
Cabin air 
Cabin air 
Cabin air 
Cabin air 
Cabin air 

113104 FL080 Tramit 
114425 FL080 Tramit 
1155?? FL080 Transit 
120635 FL080 Tramit 

Table 9: Summary of CCN counter operations for flight A076 

MCR CONFIGURATION 
CBB, Zen -
Zen, HBB 0849, Nad 085647 
Zen. 
Nad 
Zen 
HBB, Nad 103433, CBB 104635 
CBB 

. CBB • Cold Black Body 
HBB • Hot Blac:lt Body 
LW CAL • Long Wave Calibration. 
SW Cal· Short Wave Calibration 

Table 10: Summary of MCR confignrations for flight A076 

BOTTLE PURGE FILL FILL HEIGHT COMMENTS 
NO. START START END 
R34 073300 073500 073800 FL080 No run Number 
R03 075000 080200 .080600 FL080 . 
R36 100100 102400 102600 FL060 . 
R19 102900 104000 104200 FL060 SOx 500 increasing, 

03 50 
R06 110640 111545 111838 FL080 SOx 30, 03 62 
R16 120339 120848 120913 . FL080 S02 20, 03 16, NOx 

0, Tramit to Riyadh. 

Table 11: Summary of bottle samples for flight A076 

- 11 -



&. Flight A077 GULFEX 4 26th March 1991 

For the first t.ime during the detachment the surface winds ·were blowing down the Gulf and 
a v!aible plume could be seen from Kuwait to Bahrain over the sea. A long downwind run 
underneath the centre of the plume was ecried out early in the flight. Unfortunately thunder· 
storms, associated with a 500mb trough and medium level instability, developed from midday 
onwards and these were too severe· to fiy through so fiying through the plume was restricted 
to the northern part of the Gulf where the cloud cleared. Here the plume was very thic:k and 
dark and at times the visibility was nil The saw tooth profiles at the end of the sortie along 
the Saudi Arabian coast from Kuwait showed that the main plume quite quickly moved offshore 
away from Kuwait but a thinner plume at a much lower altitude moving into Saudi Arabia 
was encountered as Bahrain was approached. During this flight measurements of the near and 
intermedi.ate field were made. 

The synoptic situation showed an upper trough to the west of the Gulf and thunderstorms 
· were breaking out ahead of this. 

Tables 12, 13, 14 and 15 snmmarize the MCR configurations, runs and profiles, CCN counter 
operations, and bottle· samples respectively for this flight. 

RUN NO. 
R1.1 
R1.2 
Pl 
P2 
R2 
P3 

R3.1 
R3.2 
R3.3 
P4 

R3.4 
P5 

R4.1 
R4.2 
R4.3 
R4.4 
R4.5 
R5.1 
R5.2 
R5.3 

Nad. Nadir 
Zen· Zenith 

MCR CONFIGURATION 
Zen (SW CAL) 
Zen 
Zen, HBB 080254J.LW CAL), CBB J.LW CAL) 
Nad 
Nad, Zen 091044, HBB 092207 
HBB 
Nad 
Nad 
Nad 
HBB 
Nad 
CBB 
Nad, Zen 122207 
HBB, Zen 123849 
Zen 
Zen, HBB 132809 (LW CAL), Zen 133052 
Zen, N ad 134511 
Zen, HBB 1~0256, Nad 140354 
Nad, CBB 142407 
CBB, HBB 142833, Nad 143254 

• 

CBB · Cold Blac:k Body 
HBB • Hot Blac:k Body 
LW CAL · Long Wave Calibration 
SW Cal · Short Wave Calibration 

Table 12: Summary of MCR configurations for flight A077 
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B. UN S'I:Ali.T END HEIGHT HEADING CABIN COMMENTS 
NO (GMT) (GMT) - (ft) (dq) 

064255 Take off Bahrain 
R.l.l 074702(22) 075300(23) FL200 150 p Flying into . IUD above 

plume 
R.l.2 075401(24) 075958(25) FL200 060 p AC1'011 IUD above plume 
P1 08Q234(26) 082437(34) FL200.1000ft 005-255 B Descending profile outside 

of plume 
P2 083453( 38) . 083623(39) 1000ft-50ft 240 u Ascending profile under 

plume 
B.2 083745(40) 092247 1000ft 130 u B.un under plume 

downwind 
P3 0!!224 7( 43) 093620(46) 1000ft-FL150 050 B Ascending profile through 

plume 
R.3.1 094359(47) 100000(50) 2000ft 270.230 u B.'llll acro11 wind under 

plume 
.• B.llll 3.2 100157(52) 101700(53) 4000ft Q05-035 u B.un &C1'0IS wind through 

plw:ne 
R.3.3 102534_155) 1041~56) FL060 230 B B.un acro11 plume 
P4 104240(57} 104906(58) FL060.FL120 -060 B Ascending profile to- above 

- pllime 

) 
R.3.4 105150(59) 110555(63) FL120 230 p B.un ilc:roia wind above 

plume 
PS 115350(67) 121618(70) FL220.50ft 240.025 B -Deacending profile through 

- plume 
R4.1 122014(72) 123458(74) FL040 215 u B.un &C'OII wind 'llllder 

" plume 
B.4.2 123759(75) 125858(77) FL070- 025 u B.un · acro11 wind through 

plume 
B.4.3 125440(78) 130943(79) FLOSS 210 u B.un ,&C'OII wind through . . 

plume • enter bue, out of 
top 

B.4.4 131206(80) 133256(83) FLOSS 025-210 p B.un acros1 wind through 
plume • enter top, out of 
bue 

B.4.5 133524(84) 134959(86) FL120 210 p B.un across wind above 
plume 

B.5.1 140140(88) 141420(91) FL120.50ft 135·150 p Start of sawtooth profiles -
descending 

B.5.2 141420(91) 142442(93) 50ft-FL120 150.140 p Ascending 
B.5.3 142442(93) 143804(96) FL120·50ft 145 p Descending 

145545 Land Bahrain 

Table 13: Summary of profiles and r1llll for :flight A077 
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ALLEVIATOR ALLEVIATOR HEIGHT COMMENTS 
START END 
0540?7 Ground Calibration, possibly saturated 
0645!? 064721 FL090-FL110 Transit 
0657!! 065910 FL180-FL200 Transit 
070848 071045 FL200 Transit 
071950 072150 FL200 Transit 
073054 0733?! FL200 Transit 
074250 074548 FL200 Transit . 

0757!? 075910 FL200 Rl.2 
080907 081115 FL140 P1 
0823 Saturated, cabin air 
0832 Saturated, cabin air 
0844 Saturated, cabin air -
0853 Saturated, cabin air 

090730 Saturated, cabin air 
0925 Cabin air .J 

102543 1027S1 FL060 R3.3 
1047S9 - Cabin air 
105416 1058!! FL120 R3.4 
120855· 121032 FL075-FL060 saturated, P5 
1229 Saturated, cabin air 
1238 Saturated, cabin air 

131559 131941 FLOSS Saturated, R4.4 
133041 133248 FLOSS Saturated, R4.4 
134100 134300 FL120 R4.5 
140515 140732 FLOSS Possibly saturated, R5.1 
141750 142023 FL050-FL075 R5.2 
143014 143222 FL070-FL050 R5.3 

Table 14: Summary of CCN counter operations for :Bight A077 
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BOTTLE 
NO. 
B.37 

R.29 

R14 
-

. R.23 

G01 
ROB 

H03 
H05 
R04 
G02 
R02 
R18 
R.30 

'• 

PURGE FILL FILL HEIGHT COMMENTS 
START START END 
094436 094645 094706 FL020 Run 3.1, 502 28, 

NOx 0, 03 70 
100122 101124 101248 FL040 Run 3.2, S02 28, 

NOx 0, 03 60 
102113 103126 103311 FL060 Run 3.3, S02 9, 

NOx 0, 03 (23) whlle 
filling 

090301 090418 090552 FL010 Under plume, _S02.. 
40, NOx o,. 03 60 

105304 105836 110127 FL120 S02. -, NOx 0, 03 56 
111222 . 111417 112104 FL120 03 58, 12000ft 

climbing 
114205 -115006. 115300 FL220 03 70 
12200S 122S30 122649 FL040 Below plume 
123000 123400 123628 FL040 In plume 
123800 124100 124300 FL070 . 
12S500 130300 130SOO FLOSS . 
130600 130700 1309SO FLO SO . 
131300 131S30 131700 FLOSS . 

Table 1S: Summary oi bottle samples for 'flight A077 
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7. Flight A078.GULFEX 5 28th March 1991 

From altitude two distinct sources an visible; one to the south of Kuwait ·city and a much 
weaker one to the north of Kuwait City. The aim of this filght was to make measurements at 
several altitudes, in the near field, across the plume from the southern source in order to caleu· 
late its source strength. A very thick plume up to 16,000ft with multiple layers in the vertical 
was encountered. The main layer of the plume was capped by a thin layer of Ac. Significant 
downwind evolution of the plume was found in tbe sawtooth profiles back to Bahrain. 

The synoptic situation showed a weak bigh pressure system building over saudi Arabia giv
ing light north westerly winds over the surface of the Gulf. However, there was signifieant wind 
shear in the vertical. . 

Tables 16, 17, 18 and 19 summarize the runs and profiles, CCN counter operations, MCR 
configurations and bottle samples respectively for tbis filght. 

RUN STAR:I' END HEIGHT HEADING CABIN COMMENTS. 
NO (GMT) (GMT) . (ft) (deg) 

092215 Take off Bahrain 
Rl.1 102617(8) 103001(9) FL240 215 p Survey run 
R1.2 103220(10) 103805(11) FL240 030 p Survey run 
P1 104025{13) 111514{27) FL24D-50ft 220-030 p D_escending profile upwind . 

of plume 
R2 112943{30) 113735(32) FL160 120·110 p Run above plume 
P2 113735(32) 115405(33) FL16D-100ft 105-115 B Descending profile through 

plume 
R3.1 120704(36) 122730(37) 4700ft 215 u Run across wind through 

plume 
R3.2 123124(38) 125103(39) ·FL065 025 u Run across wind through 

plume 
~ 

R3.3 125226(40) 130934(41) FLOBO 215-210 u Run across wind through 
plume 

R3.4 131554(43) 132726(45) FL145 030 p Run across wind through 
plume 

R3.5 133057(46) 134734(47) FL145 220 p Run across wind through 
plume 

P3 135125(49) 140705(50) FL145-50Ct 030 B Descending profile through 
plume 

R3.6 141001(53) 142710(58) 2000-5000ft 210 u Run through plume 
R3.7 142814(59) 143802(60) FL0 50 030 u Run across wind through 

plume 
R4.1 144118(61) 145722(66) 1000ft-FL170 145 B Start of sawtooth profile 

ascending 
R4.2 145722(66) 151417(67) FL170-1000ft 150 B Descending 
R4.3 151500( 68) 153046(69) 1000ft·FL170 150 B Ascending 

155000 Land Bahrain 

Table 16: Summary of profiles and runs for filght A078 
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ALLEVIATOR. ALLEVIATOR. HEIGHT COMMENTS 
START END 

0533 Ground Calibrate 
0930!! 093144 FL09G-1000 FT Transit 
094438 094652 FL20G-FL210 Transit 
095655 095933 FL240 Transit 
100820 101155 FL240 Transit 
1024!! 102629 FL240 Transit 
103959 104208 FL240·FL220 P1 -
1052!! 105538 FL150-FL100 P1 
111112 111327 200()-700 FT Possibly saturated, P1 
113248 113431 FL160 R.2 
132430 ' 132630 FL150 Saturated, R.3.4 
133603 133840 FL150 Calibrate, saturated, R.3.5 
145357 145555 FL140·FL160 R.4.1 
152728 15294Q FL160·FL170 R.4.3 

Table 17: Snm""a7 of CCN couitter cper&ticns for flight A078 

RUN NO. MCR. CONFIGURATION 
R.l.1 Nad 
R.1.2 Nad 
P1 HBB (LW CAL), CBB 105028 (LW CAL), HBB 111417 
R.2 
P2 

R.3.1 
R.3.2 
R.3.3 
·R.3.4 
R.3.5 
P3 

R.3.6 
R.3.7 
R.4.l 
R.4.2 
R.4.3 

Nad • Nadir 
Zen· Zenith 

CBB, Nad 113013 
Nad 
Zen 
Zen 
Zen . 

-
HBB, Nad 132024 
Nad· 
HBB 
Zen 
Zen 
HBB, Zen 144218 
Zen 
Zen 

CBB · Cold Black Body 
HBB • Hot Black Body 
LW CAL · Long Wave Calibration 
SW Cal · Short Wave Calibration 

.. 

·Table 18: Summary of MCR. configurations for flight A078 

BOTTLE 
NO. 
R.42 

PURGE FILL FILL HEIGHT COMMENTS 
START START END 
133040 133400 133800 FL145 In 'lofted' plume 

Table 19: Summary of bottle samples for flight A078 

- 17 -
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r· 8. Flight A079 GULFEX 6 29th Marc:h 1991 

The main aim of this .fiight was to study the plume in its far field (1,000Km or more). An 
old plume (more than 3 days old) was found over central and southern Saudi Arabia. It was 
suprisingly high (15,000ft) and very thin but still visible. Several runs through and across it 
were made. It was folllld to be well mixed i.e the plume had top hat characteristics, and was 
covering a very large area.· 

The synoptic situation showed a low pressure area !JVer southern Saudi Arabia and the winds at 
upper levels from the west. 

Tables 20, 21, 22 and 23 summarise the MClt configurations, runs and profiles, CCN counter 
operations, and bottle samples respectively for this Bight. 

RUN NO. 
P1 

P2.1 
P2.2 
P2.3 
Rl.l 
R2.l 
R3.1 
R4.1 
R5.1 
P3 

R6.l 
R7.1 
P4 

R8.1 
R9.1 

R10.1 
Rll.1 
R12.1 
R13.1 
P5.1 
P5.2 
P5.3 
P5.4 

Nad ·Nadir 
Zen· Zenith 

MCR CONFIGURATION 
Nad, HBB 065004 
CBB (LW CAL) 
CBB, HBB 074734 
HBB,Nad 081733 
Nad, Zen 082834 
Zen, Nad. 083828 
Nad 
HBB, CBB 085220 
HBB -

Zen, CBB 101943, HBB 102836 
CBB, Zen 110035, Nad 110736 
Zen, Nad 113506 
Nad, Zen 120331-
Zen, Nad 121945 
Zen 
Zen 
Nad 
Nad 
Zen 
Zen (SW CAL), HBB 135648 (LW CAL) 
HBB (LW CAL) 
CBB (LW CAL) 
CBB, Nad 1420 

CBB · Cold Black Body 
HBB • Hot Black Body 
LW CAL • Long Wave Calibration 
SW Cal • Short Wave Calibration 

Table 20: Summary of MCR configurations for Bight A079 
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RUN START END HEIGHT HEADING CABIN COMMENTS 
NO (GMT) (GMT) (ft) (deg) 

063255 Take off Bahrain 
P1 064714(6) 071450(14) 50ft-FL200 335-320 B Profile through thin plume 

- ascencUng 
P2.1 071739(15) 074624(18) FL20Q-50ft 14Q-120 B Start of sawtooth profile • 

descencUng 
P2.2 074624(18) 080149(26) 50ft-FL130 120-130 B AscencUng 
P2.3 080149(26) 082019(30) FL13Q-50ft 130 B DescencUng 
R1.1 082505(31) 083000(33) FL0 50 220-221 u Run across wind 
R2.1 083300(34) 084505(37) FL080 040 u Run across wind 
R3.1 084636(38) 084854(39) FL080 315 p Run across wind 
R4.1 085052(41) 085829(45) FL080 135 p Run across wind 
R5.1 090324(46) 091825(51) FL120 230 p Run across wind 
P3 101749(65) 103534(72) FL15Q-1000ft - B DescencUng profile - look-

ing for plume 
R6.1 105331(78) 110811(86) 150ft 095-110 u Run looking for plume 
R7.1 112929(89) 114501(97) 150ft-FL150 295-300 B Run looking for plume 
P4 115435(99) 120553(105) FL17Q-120 135 p DescencUng profile through 

plume 
R8.1 121148 106) 122051 108 FL145 215 p _ Run through plume 
R9.1 122134 109 123315 110 FL145 150 p Run through plume 

RlO.l 123428 111 125519 112) FL145 265 p Run through plume 
R11.1 125645(113) 131611(114) FL145 145 p Run through plume 
Rl2.1 131729(115) 133504(116) FL145 265 p Run through - ' plume, F_SSP and PCASP -

anti-correlated 
-· Rl3.1 133613(117) 135201(118) FL145 150 p Run through plume 

P5.1 135540 . 140258(126) FL17o-FL100 360 p Start of sawtooth profile •· 
dacmding 

P5.2 140326 127) 141009(128 FL10Q-FL170 360 p AscencUng 
P5.3 141027 129) 141741(131 FL170-FL100 360 p DescencUng 
P5.4 141757(132) 142528(133) FL10Q-FL170 360 p AscencUng 
P5.5 142546(134) 143251(135) FL16Q-FL100 005 p DescencUng 
P5.6 143308(136) 144025(137) FL10o-FL170 360 p AscencUng 
P5.7 144046(138) 144753(139) FL17o-FL100 360 p DescencUng 
P5.8 144809(140) 145532(141) FllOQ-FL170 360 .P AscencUng 
P5.9 145555(142) 150308(143) Fll70-FL100 005 p DescencUng 
P5.10 150325(144) 151045(145) FL10Q-FL170 005-340 p AscencUng 
P5.11 151103(146) (147) FL160-FL100 340 p DescencUng 
P5.12 151838(148) (149) FL10o-FL170 340 p AscencUng 
P5.13 152626(150) 154121(151) FL17Q-FL100. 34Q-355 B DescencUng 

155155 Land Bahrain 

Table 21: Summary of profiles and runs for llight A079 
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ALLEVIATOR ALLEVIATOR HEIGHT COMMENTS 
START END 

0533 Grolll1d Calibration 
070002 0701!? FLllO Pl 
071305 071529 FL197·FL200 P1 
085412 085615 FL080 Possibly saturated, R4.1. 
090459 090659 FL120 R5.1 
091528 091733 FL120 R5.1 
0935?! 0938?? FL230 Transit 
094821 095056 FL230 Transit 
100250 100455 FL170 Transit 
101611 101800 FL150 P3 
104500 104700 FL128-FL140 Transit 
105907 110150 FL150 R6.1 
111233 111426 FL150 Transit 
112650 112844 FL150 Transit 
113724 113924 FL150 Possibly saturated, R7.1 
114826 115035 FL150 Possibly saturated; trmisit 
115920 110122 FL135-FL150 Possibly saturated, P4 
121038 121239 FL145 R8.l J 
121930 122130 FL145 R8.1 
123036 ·123309 FL145 Possibly saturated, R9.1 
124315 124521 FL145 Poosibly saturated, Rl0.1 
125502 125708 FL145 Po11ibly saturated, R10.1 
130725 130925 FL145 Calibration, R11.1 
131814 132024 FL145 Calibration, Rl2.1 
133054 133300 _FL145 R12.1 
134233 134527 FL145 R13.1 
135753 135949 FL150·FL130 Poosibly saturated, P5.1 
141535 141718 FL12o-FL105 Possibly saturated, P 5.4 
142608 142700 FL170-FL160 Possibly saturated, P5.5 
143607 143723 FL127-FL140 Possibly saturated, P5.6 
145007 145126 FL120·FL140 Possibly saturated, P 5.8 
150324 150423 FL10o-FL110 Possibly saturated, P5.10 
151533 151642 FL125-FL120 Possibly saturated, P 5.11 
152409 152628 FL155-FL170 P5.13 

Table 22: Summary of CCN counter operations for flight A079 
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BOTTLE PUll.GE FlLL. FlLL HEIGHT COMMENTS 
NO. START START END 
H06 081900 082700 082900 FL0 50 . 
H12 083200 083800 084000 FL080 . 
R21 084900· 084700 085500 FL080 In puff of smoke!, 

S02 20, NO:z: 5, 03 
60 

S02 090724 091200 091800 .FL120 Run 5.1 S02. -, 
NO:z: B/G, 03 60 

R20 113000 113500 113700 FL150 . 
503 114300 121100 121950 FL145 In plume 
B.40 122100 . 122440 122700 FL145 . 
R27 130500 130937 131232 Fl145 . 
B.ll 140720 141707 141935 FL125-FL100 Sawtooth through 

plume. 141500 two 
pumps 

R24 142700 142802 142911 In FSSP layer; 4 fills 
143951 144042 
145345 145840 
145909· 145848 . 

Table 23: Summary of bottle samples for llight A079 
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9. Flight A080 GULFEX 7 30th March 

Once again the plume ·was being advected straight down the Gulf and this llight was under· :) 
taken to investigate its near field and intermediate field. Shallow saw tooth profiles were carried 
out through the initial plume rise from Kuwait and across wind runs were done at several heights 
in the near field and intermediate field. The plume was very thick and had a complex struc-
ture due to vertical wind shear. The llight pattern was restricted by the limitations of Iranian 
&lrspace. 

The synoptic situation showed a weak upper trough moving into the Gulf quite rapidly which 
was producing a lot of high cloud and the surface winds were from a north westerly direction. 

Tables 24, 25, 26 and 27 summarize the CCN counter operations, runs and profiles, MCR 
configurations and bottle samples respectively for this llight. 

ALLEVIATOR ALLEVIATOR HEIGHT COMMENTS 
START END 
051900 053000 Ground Calibration with film 
064506 064717 FLl20-FLl30 Transit 

. 065630 065852 FL185-FL195 Transit 
070757 070957 FL170 · Transit 
071911 072111 FL170 Transit . 
073050 073323 FL170 Transit 
075309 075508 FL100-FL080 Pl 
080348 080549. FL030-FL020 Pl 
083622 - 083128 · FL075 Rl.6 
084250 0"84402 FL145-FL155 Possibly saturated, R1.6 
112827 113029 FL140-FL150 P3. 
114008 114245 FL150 Transit -
120214 120430 FL180 Transit. 
121337 121519 FL180 Transit 
122220 122411 FL080 Completely saturated, R4.1 
144650 144838 FL070-FL050 Saturated, R6.2 
150136 150328 FL080-FL095 Saturated, R6.3 
151206 151400 FL080-FL065 Saturated, R6.4 
152230 152430 400- 2000 FT Saturated, R6.5 
153302 153459 FL110-FL130 R6.5 

Table 24: Summary of CCN counter operations for llight AOSO 
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RUN 
NO 

P1 

R1.1 

R1.2 

Rl.3 
Rl.4 
Rl.5 
R1.6 
R1.7 
P2 

R2.1 

R3.1 
R3.2 .. 
R2.2 

R2.3 

R2.4 

- P3 

•. R4.1 
·R4.2 
R5.1 

R5.2 

P4 

R5.3 

R5.4 
R5.5 

R6.1 

R6.2 
R6.3 
R6.4 

··'~ 
R6.5 
R6.6 

START END HEIGHT HEADING CABIN 
(GMT) (GMT) (ft) (deg) 
063225 

0764412(10) 080706(19) FL17D-1000ft 215-025 p 

082025(21) 082227(25) FL10D-FL080 120 p 

082227(25) 082450(26) FL08!)-FL100 120 p 

082450(26) 082756(27) FL100·FL070 100 p 
082756{27) 083013(28) FL07D-FL090 100 p 
083013{28) 083413{29) FL09D-FL055 100 p 
083413(29) 084441(30) FL055-FL160 100 p 
094441(30) 085500 FL160·FL060 100 p 
085717(33) 090322(34) FL060-50ft 275 B 

091834(46) 094352(49) 1000ft 195 u 

094730(54) 095311(55) 250ft 115 u 
095629(57) 100520(60) . 250ft 280·315 u 
101300(64) 103118(66) FL09D-FL085 005 u 

-
103335(67) 105101(71) FL087 21()-200 u 

105418(73) 111046(75) FL060 005 u 

111524(78) -112928(79) 500ft-FLl50 285-200 B 

122224(86) 123704(87) FL080 095'-110 p 
123905(88) 124959(91) FL065 10()-130 u 
125036(92) 125318(93) FL065 025-350 u 

125448(94) 130910(96) FL065 220 u 

131439(98) 132934{102) 500ft-FL080 030 u 

133500(104) 135134( 105) 4800ft 210-200 u 

135355(106) 141318(113) . 2000ft 015-025 u 
141658(117) 143235(118) FL"070 200-215 p 

143340(121) 144008(126) FL070-FL130 105 p 

144008( 126) 145323(129) Fl130·500ft 105 p 
145323(129) 150700(132). 500ft-FL130 105 p 
150700(132) 152229(135) FL13D-500ft 105-260 p 
152229(135) 153511(136) 500ft-FL130 260 p 
15351(136) 154628(137) FL13D-4000ft 260 

155504 

T&ble 25: SUIII!D&rY of profiles and runs for flight A080 
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COMMENTS 

Take off Bahrain 
Descending profile outside 
plume 
Starting sawtooth 
profiles through plume rise 
·descending 
Ascending, 7 I 8 Cs and 3 I 8 · 
Cu 
Descending 
Ascending 
Descending 
Ascending 
Descending 
Descending profile through. 
plume 
Run. downwind through 
plume 
MARSS runs 
MARSS runs 
Run &cross wind through 
plume 
Run &cross wind through 
plume,7 18 Cs 
Run across wind through 
plume . 
Ascending profile through 
plume 
Run ·close to top of plume 
Run close to top of plume 
Run acros1 wind through 
plume 
Run &cross wind through 
plume 
Ascending profile through 
plume 
Run &croll wind through 
plume 
Run close to hue of plume 
Run &cross wind through 
plume, 118 CsAc 
Starting sawtooth profile • 
ucending 
Descending 
Ascending 
Descending 

. Ascending 
Descending 
Land Bahrain 



RUN NO. 
Pl 

Rl.1 
Rl.2 
R1.3 
Rl.4 
Rl.5 
R1.6 
P2 

R2.1 
R3.1 
R3.2 
R2.2 
.R2.3 
R2.4 
P3 

R4.1 
R4.2 

. R4.3 
R5.2 
P4 

R5.3 
R5.4 
R5.5 
R6.1 
R6.2 
R6.2 

Nad ·Nadir 
Zen· Zenith 

MCR CONFIGURATION 
CBB, Zen 074843, Nad 074912 
CBB, Nad 082111 
Nad 
Nad 
Nad 
Nad 
Nad 
HBB 
Nad, Zen 094039, Nad 094151 
Nad 
Nad 
HBB, Nad 101359 
Nad 
CBB, HBB 110619 (LW CAL) 
CBB 
CBB 
CBB, Zen 124749 
HBB 
HBB, CBB 125613 
HBB - -
Nad 
HBB, occaaionally to Zen 
CBB 
CBB, HBB 143436 (LW CAL) 
HBB, Nad 145352 
Nad 

CBB - Cold Black Body 
HBB - Hot Black :E!ody 
LW CAL - Long Wave Calibration 
SW Ca.! - Short Wave Calibration 

Table 26: Summary of MCR configurations for flight AOSO 
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BOTTLE PUll.GE FILL FILL HEIGHT COMMENTS 
NO. START START END 
R22 102158 102253 102545 FL850 Run 2.2, in plume; 

point B 
R07 103756 104512 101720 FLOSS Run 2.3, S02 50, 

NOx 2, 03 66 Higher 
03 on one side of 
plume 

R26 125756 123127 123239 FLO SO Run 4.1 
SOl 124344 125106 125500 FL065 Run 5.1, Point C, 

S02 230, NOx 6, 
. 03 62, Into Tehran 

airspace. (point C?) 
RlO 133900 143445 134647 FL048 Tenuous plume, S02 

100, NOx 5, 03 70 
. R05 145140 145346 145450 FL005-FL010 Profile up 

. R09 15~140 152244 152351 FL005-FL015 S02 10, NOx 5, 03 
60 

Table 27: Summary of bottle samples for fiight AOSO 
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10. Flight A081 GULFEX 8 31st March 1991 

The final GULFEX.llight was carried out to investigate the plume originating from the sources 
to the north of Kuwait City and to find how it merged with the southern plume. The surface 
wind was blowing &imost straight down the Saudi Arabian coast from Kuwait and the northern 
plume couid easily be distinguished from the southern plume close to Kuwait. Several transects 
through thls plume were carried out and it was found to be much weaker than the southern 
plume. The initial rise of the plume took it to 14,000ft. A zig zag track was then fiown down 
the guif to see how the two plumes merged. A way from the sources the plume was observed to 
be no higher than 10,000ft. 

The synoptic ·situation showed high pressure to the west of the Gulf and the north westerly 
fiow ahead of it was quite deep. 

Tables 28, 29, 30 and 31 summarize the runs and profiles, CCN counter operations, MCR 
configurations and bottle samples respectively fer this !light. 

RUN START END HEIGHT HEADING CABIN CO¥MENTS 
NO (GMT) (GMT) (ft) (deg) 

063335 - -Take off Bahrain 
P1 075250(15) 081921(18) FL200-500ft 190·015 Profile upwind of northern 

plume • descending 
P2 08361~(21) 084904(22) · FL14D-1000ft 130 B Ascending profile through 

plume 
Rl.l 090158(24) 091901(25) FLOSS 225 u Run across northern plume 
R1.2 092100{27) 093631{32) FL095 040.025 p Run across northern plume 
R1.3 094018(34) 100028(38) FLOSS .220-315 B . RllD across northern plume 
R2.1 100212(40) 100719(42) FL085-FL095 105 B Run below plume 
R2.2 100719( 42). 102600{43) FL095 180 p Start zig zag through 

plume, high PCASP values I 
R2.3 102717(44) 104414(49) FL095 065 p Run through plumes 

(northern and southern) 
R2.4 104537(50) 110133(53) FL095 205 p Run through plumes, Ac 

above 
R2.5 110246{54). 111359(55) FL095 070 p Run through plumes 
R2.6. 111541(56) 113001(58) Fl095 205 p Run through plumes 
R2.7 113121{59) 114427(60) FL095 070 p Run through plumes 
R2.8 114557(61) 120101{66) FL095 220 p Run through plumes 

121535 Land Bahrain 

Table 28: Summary of profiles and runs for !light A081 
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ALLEVIATOR ALLEVIATOR HEIGHT COMMENTS 
START END 

0410 Ground Calibration 
064121 064315 FL09fJ-FL105 Transit 
065208 065410 FL180-FL190 Transit 
070300 070500 FL200 Calibrate, transit 
072043 072247 FL200 Transit 
073242 073428 FL200 Transit 
074305 074513 FL200 Transit 
080720 080900 FL080-FL065 P1 
081745 081938 FL015-500 FT P1 
092350 . 092518 FL095 Saturated, R.1.2 
100608 100819 FL095 Possibly saturated, R.2.1 
102100 102319 FL095 Completely saturated,. R.2.2 
103758 103958 FL095 Saturated, R.2.3 
104958 105210 FL095 Saturated, R.2.4 
112729 112929. FL095 Saturated, R.2.6 . 
113848 114048 FL095 Saturated, R.2. 7 
115050 115238 FL095 Saturated, R.2.8 
120022 120240 FL095 R.2.8 

Table 29: Summary of CCN counter operations for flight A081 
. . -

RUN NO. MCR. CONFIGURATION 
P1 CBB 
P2 HBB -

R.l.l Nad 
R.1.2 Nad, Zen 092738 
R.l.3 CBB, Nad, Zen 095112 
R.2.1 HBB, Zen 100322 
R.2.2 Zen 
R.2.3 Zen, Nad 103055 
R.2.4 Nad 
R.2.5 Nad 
R.2.6· Nad, Zen 112144 
R.2.7 Nad 
R.2.8 Zen, HBB 115413 (LW CAL), CBB 

Nad ·Nadir 
Zen- Zenith 
CBB • Cold Black Body 
HBB • Hot Black Body 
LW CAL • Long Wave Calibration 
SW Cal - Short Wave Calibration 

Table 30: Summary of MCR configurations for Bight A081 
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BOTTLE PURGE FlLL FlLL HEIGHT COMMENTS 
NO. ST.A.R:r ST.A.R:r END 
R01 090SS6 090956 091120 FLOSS . 
Rl2 092300. 092614 0927SS FL09S . -
R2S 094316 094500 0946SO FLOSS . 
R25 095430 095530 095723 FL084 . 
H04 102147 102200 102340 FL095 . 
R15 115400 111054 111310 FL09S S02 40, NO:z: 5, 03 

- . 70 

Table 31: Summary of bottle samples for flight AOS1 
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11. Bottle samples • !light cro11 reference table. 

/]. 
·- ' 

BOTTLE FLIGHT 
NUMBEB. NUMBEB. 

GOl A077 
G02 A017 

H03 A077 
H04 A081 
H05 A077 
H06 A079 
Hl2 A079 
B.Ol A081 
B.02 A017 
B.03 A076 
B.04 A011 
B. OS A080 
B.06 A076 

B.01 A080 

B.08 A011 
B.09 A080 
B.lO A080 
B.ll A079 
B.l2 A081 

) B.l4 A017 
B.15 A081 
B.l6 'A076 

B.l7 A075 
. 

B.l8 A011 
B.19 A076 
B.20 A079 
B.21 A079 
B.22 A080 
B.23 A011 
B.24 A079 
B.25 A081 
B.26 A080 

.B.27 A079 
B.28 A081 
B.29 A077 
B.30 A077 
B.31 A075 
B.34 A076 

B.36 A076. 

B.37 A077 

B.40 A079 

B.42 A078 

) SOl A080 
502 A079 
503 A079 

Table 32: Summary of bottle samples for each !light. 
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"' 0 

SU~HARY Of fiLTERS USED.DURIHG GULFEX 

Mot• - all volu••• •~• as indicat•d by aata~ and ~•qui~• • p~•••u~• cocJectlon. 

FILTER NO FLIGHT 

FILTER NO FLIGHT 

HE I GUT 
fT 

HEIGHT 
fT 

TIHES 
GHT 

TIMES 
GHT. 

YOLUHE PUHP LOG 01 TAU B•ba 
Ml RAM · /1 10-t •-1 

OPTICAL P!LTERS 

VOLUHI PUMP LOG. OJ 'tAU laba 
Ml RAM /1 10-t •-1 

lsc•t ... 

lac•t ... 

Dht fro• 
aou~c• (kal 

Diat fro• 
aource lk•J 

ANAL!' Ill 

ANALYSIS 

----------------------------------------------------------------------------------------------------------------~-------------

op•K ' H 1500-1000 ll0456-llZ600 ).011 • L .JI o.ou 0.1 111.1 0.1 lOO 
op•• 1 Blan• 
OpeK I 75 2000 oucoo-uuoo O.IU • L .ill o.ou 0.5 l.t D.H u 
opu: t 75 10,000 I00050-UOl50 o.UI • H .7J 0.01~ 1.6 ... .. '" WSL 
OpaK10 75 10,000 I051l0-l101l0 o.1ot t H .IJ 0.111 1:5 .. .. 10 RAI(IIHt 
opaall 76 ,000 100615-IOUIO 1.~12 t " ·" 0.171 0.1 z.z 0.7] '" .... 
opaa12 ll tooo IOOIII-101717 o.u1 • L .55 1,051 O.l 1.1 o.,s 100 
opa.a5 ll 7000 IUIIO-USIU l.lll t H .11 0.111 0.1 1.1 O.ll 100 HARWELL 
Opaxll ll 5100 14U00-1Ut15 11.0101 • L .51 1.0"41 o.t 1-5 (0 .161 uo 
OpaK1' ll ,500 IUIIO-IIt5U o.5n t • .11 O.IU 1.0 1.1 . 0.6 uo HARWELL 
opa•lt lf 1000 OIUJ5-0151U (1.1111 • L .01 0.011 0.1 II. 1 (O.UI 500 
opaK11 ll 1:1000-11000 IIUll-111550 Ioiii t L .11 I.IU 0.06 .. .. 600 
opaall lf 1t500 Ulllt-llll15 1.615 • L .11 t.OII o.ot .. .. 700 
opu:1t lf 1t500 lllllt-111U5 1.101 t L • 01 O.Oil 0.05 .. .. 100 RA£(8BHt 
OpaK20 · 10 1500-11000 IUU0-15UOO 1.105 t H . li 1.111 0.1 .. .. 150 WSL · 
Opaxll 10 1500 IIU55-Il0500 1.011 t • .u o.Ul I. I . ~~. 5 o.n 100 MARSS+RAE(CJ 
Opa•:U 11 1500 ·IUU5-III]to (2.6111 • L .. o.o11 0.05. .. .. 110 .. 
Opaa2) 11 1500-t500 otOIIU-otll58 1.111. t " .11 e.ou 0.1 Cl.lt 0.16 100 HARWELL 

102 riLTERS - NPTECH .sot-- Cl-
----------- UfJ•-J uga-J 

so2-1 l5 2000 otttoo-otaaoo O.IU • 6.1 roo NPTECII 
so2-a 75 10,000 100050-100750 0.411 • '" 50 NP'fECH 
S02-J l5 10,000 105110-lllllO O.lot • . It 60 NPTECH 
so2-t H 6000 100615-IOUlO 1.112 • IU '·' 10 NPTECH 
WHAT-5 ll tOGO 100l12-1017ll o.,., t II 320 NPTECH 
so2-1 ll 1000 111110-115111 1.111 t ll 100 NPTECH 
so2-t ll 6500 IHJIO-IH51t 0.561 • 101 120 HPTECH 
so2-10 lf 12000-11000 IIHil-111550 I. Otl t 1.0 650 NPTECH 
so2-11 lt lt500 1Hl21-1llll5 l.l01 • O.l 100 HPTECH 
502-12 10 9500-11000 IU640-15HOO l. 705 • 15 .o ISO HPTECH 
502-13 •• 6500 1Hl55-ll0500 1 .on • 115 200 HPTECH 
sol-It 10 1000 101151-IIOlS& 2.152 • ll 12.6 ISO NPTECII 
SOI-15 IO tlSO llli55-IJ5t'55 0.150 • t5 200 NPTECH 
so2-u II 1500 095,21-102105 I.Ut • ll lO HPTECH 
sol-11 II !UOO 10l645-l11lt0 I. 611 • ll 250 HPTECH 
I LA Hit II 1.02,1.07 •• 

l) u 
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w 
~ 

• 

v u 0 

MASS 
----

••• FLT HT Tt••• Vol IIASS LOAD lBO DllfSI1'1 rCASP Diatanr:a COHHIERTI 
Uti (OHT) 1•1) ••• (ug) tuga-Jt (uga-1) analysts 

be fora after f •- 201 all/plu•• (IHI 

Opax IIWJ H 1500-1000 130456i-lll60D Cl.OZI • 0.01551 1560 30 UO.OI 500 
opaa Ifill 75 zooo OtltOD-OtllOO CO.UI • 0.01531 15H • • • 100 
opaa liNt H 6000 100635-1042))0 u. 1121 • 1.01511 1514 Z5 115.11 50 lfSL 
Opaa 1Uf5 11 9500 103645-111 HO z.ua • 0.01551 1551 • • • 160 
Opaa IUfl 75 10,000 100050-100750 CO.UI • 0.015U 1541 • . . • 50 
Opaa IIWI 75 12,000 111105-111U5 0.436 • 0.01511 1511 • • • 50 
Opax lfWlO 10 9000 l01J5l-l1075& z.asz • 0.015U 15711 111 31.0 ll/lZO 100 HARMILL 
Opaa 111111 10 4150 11HU-115155 0.150 • 0.01576 1511 so 51.0 Zt/50 110 lfSL 
Opaa HW12 10 6500 IZUSS-110500 CLOSI • 0.015ZU 15210 l5 cu.o I 15/15 110 ltAICSBH) 
opax Rtf1!!5 11 1500 O!J56i2l-10U05 l.UI • 1.015U 15531 70 n.o ll/75 50 ltAB(C) 

Blank a- ... , 0.015&5 15141 z 
Nlfl O.D15tJ 15tlZ -11 aapaatabl• to batter than 20 ug. 

opaa Kill 11 1000 1Zllto-1Z51U 0.011 • o.uuz un -UC+fl • 100 lfSL 
5500 1Z5110-1110ZO • Opaa HW2 lt 10000-11000 1150tl-1511JO 1.nz • l.ltJOl uu -UC+lll 1.0 700 8AR1fBLL 

lhnka - HtU ,_.,,,, 1211 -1J 

""' I.OUOI llU -u KIA. • -5' 
Hlfl o.onu uu -so 

QUAJ.TI - DESEJ.T JtESEARCH INSTITUTE 
------

Quarta 1 11 5500 1Zll10-1H5lt 10.5111 • L 1ZO oar 
Quarta 2 11 5100 UZZ00-1Uil5 1.010 • • 120 DR1 
Quarta 3 11 1Ul- .. BLANK / CONTROL •• 
Quarts t 71 1000 OllllS-OISill 1.111 • " 500 DRI 
Quarta 5 71 12000-17000 113,37-121550 13.0121 • L 600 DRI 
Quarta 6 .. 9000 101353-110756 U.15ZI • H 120 DRI 
Quarta 1 10 4750 133455-135155 10.1501 R L· zzo DRI 
Quarta I II 1500 095527-103!105 . 11.51 • L 100 DRI 
ou•rtll 9 11 1500-9500 090241-093750 12.251 • L 120 DRI 



13'. Flight track plota. 

0 

A074 23 March l99l 

J 
- - -- ------3: 

••• 

r 

-3:2-



~· . 

C)· 

A075 

"' . 

J 

h 1991 24 Marc 

\ 

- 33-

.. ' 

\ 
\ 

' 
-~. ~ .. _. 



A076 

;a • 

rr " 

• tia_.L ,.,., 
I 

25 March l99l 

>C E 

····\ 
\ 

a:oo: 

• 

- 34 -



0 

A077 26 March l99l 

" . 

-- \----:! 

·.J \ 
"'' 

' 

- 35 



l. 

r 

A078 28 March l99l 

\_ 
' ' 

- 36 -

.. t " t 

\ _---



•·: 

(J 

A079 29 March 1991 

.. . 

• 

··~ 
- 37 -



AOSO 30 March 1991 

•• < 

i ...•.. - -· 

,. . 

Z7 • \___, 

• 

... 

,., 

' ' 

··-- -- i-·-

-·-r-- --- -·· 
I 

I 
i 
' 

\'\ I 

\· 
ri 
\I 

- 38 -

..: 

-·_) 

..: 

"'\ -
\-

,_ 
J 



(_~.
. __) . 

J 

A081 31 March 1991 

- 39-



14. Height time series for each 11ight. 
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17. Summery of videos recorded for each !light. 

Tables 33 to 53 summarize what is seen on the video tapes from each of the !lights. To view one 
of these tapes contact the aircraft manager on ext 5400. 

TAPE- TIME. CAMERA COMMENTS 
COUNTER GMT 

0000 103040 FFC 
2115 111300 FFC A/C at low point over sea 
2811 113200 FFC A/C at low point over sea 
2839 113248 Left: tum, almost into 11m 

3161 114231 Right tum 
3459_. 1152 Coastlliie? 
3674 115911 Left: tum into 11m 

4198 121730 A/C low: point over sea. Occasional ships . 
124700 ! Visible to right 

·4999 124812 Low pass over sandbar· A/CJow point 
5421 130548 A/C low pqint over sea· into 11m glint 
5671 131635 End --

Table 33: Snmm•ry of tape 105 for !light A074 

TAPE TIME CAMERA COMMENTS 
COUNTER GMT 

0000 131720 FFC Turning left:. Coastline 
1601 134711 Low point 
1879 135343 Left tum 
3038 142517 C.oastline A/C low 
3193 143002 A/ C low point. Islands 
3270 143230 Coastline 
4166 150242 Runway lights 
4221 150440 Touchdown 
4343 150903 End 

Table 34: Summary of tape 106 for flight A074 
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TAPE TIME CAMERA COMMENTS 
COUNTER GMT 

0000 DFC No clock set 
0981 063944 T/0 
1384 064806 A/C reftection- low point 
1561 065200 FFC 
1922 070036 Into Sc. 
2166. 070641> ClearSc. 
3200" 073611 Sharp left 
3271 073825 DFC Sea, broken nnall Cu. 
3390 074210 Right turn. Small Cu surface not clear, Smoke 
3501 074506 Fires visible More 07 4630 _ 
3673 075132 Right tum 
3718 075303 FFC Plume ahead/below 
3826 075644 Left tum - -

3960 080127 Left turn. Flying above Cu tops. Mincir turns 
4487 082037 Right tum 
"4772 083139 DFC 
4814 083314 - Left turn. Smoke below 
4851 . 083434 Sea surface! 
4876 0831>45 FFC 
4958 083900 DFC Sea surface, descending. Oll slick 
5114 084522 . FFC Hazy, no horizon 

085030 ish Left tum .. 

5304 085318 DFC 2 sec Waves 
0856 Descending 

5406 085734 A/C low point 
0908 Heading into plume . 
0911 Slow climbing left tum 

5873 091751 End. No clear horizon - smoky 

Table 35: Summary of tape 107 for :flight A075 
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TAPE TIME CAMERA COMMENTS 
COUNTER GMT 

005 091839 FFC Hazy 
0093 091956 DFC A/c shadow on sea and IUD glint 
0303 092314 rught tum. Prob 180deg 
0603 092821 FFC Juot above cloud tops 

. 0767 093118 Entl!l" smoke/ cloud 
0933 ilh rught tum 

1030 093625 Horizon 
1400 094411 Left tum to gloom below white cloud_ above dark line 

ahead 
1737 095151 Approaching cloud sheet 
1811 095337 Left tum 
2070 1000 Very hazy. Near plume top 
2243 100428 DFC 25~ea' Cloud/ smoke. Descending 
2422 100916 Slow right tum. Smoke/cloud, clear above. Into _sun 
2634 101510 Climbing 360deg. Into sun again 

. 2803 102000 Anothl!l" · 360deg - -
3248 103257. Turn right 
3323 103519 Then left 
3489 104040 Left again. Lots of Cu. 
3621 104500 Anothl!l" left 

104845 Into cloud/plume 
3785 105030 Boom juat vilible. 
4026 105852 DFC Smoke/ cloud 
4092 110115 FFC '!'hick hue 

1110 Much of lut 20m • den~e smoke or white cloud 
1115 Suggestion of horizon 

4516 111649 Climbing into clear 
4626 112102 Bjght tum 
4725 112454 DFC Smoke/ cloud still turning 
4737 112521 FFC 
4902 113150 rught tum in 180deg then descending 
5078 113858 Into plume. Dense smoke and white cloud 
5327 114920 Level off-below plume base? then down again 
5742 120710 DFC 12sea Descent to waves low point 1207 46 
5779 120849 End· 

Table 36: Summary of tape 108 for flight A075 
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TAPE TIME CAMERA COMMENTS 
COUNTER GMT· 

120944 FFC Hazy 
: .. 0188 121231 DFC Over sea. White spot on right . Flre/Flare 

SmOke/plume visible on FFC to right of boom at 1212 
• Probable ~pot visible on DFC at 121320. 

') 
0276 121407 FFC 
0881 122446 A/ c low point. Climb into hue then smoke 
1664 124124 Deocmd back to smoke bue to low point at • climb . 

back to plume. Thick smoke and hue to end. .. . 
' 2326 125800 End 

Table 37: Summary of tape 109 for :flight A075 
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TAPE TIME CAMERA COMMENTS 
COUNTER GMT 

0000 
0124 062700 DFC 
0273 062919 FFC Umtable picture 

04035 Airbus 
1005 064229 Take off 
1365 065000 Hazy horizon 
1803 070000 Nice blue sky above base 
1852 070112 Clock zeroed. Clear horizon 
1878 DFC Waves. Clock ... tting . 
1940 070900 FFC Clock restart. Hazy horizon 
2139 071400 Cu and omoke ahead 
2440 072200 Firat omoke wispa 
2510 072353 Cu baH juJt below 
2689 072857 DFC .&sec Uniform grey. A/ e below Cu ·ba... 
3065 074000 Smoke alowly getting demer 
3127 .074152 Right turn. A/e belaw Cu baH 
3235 074515 Right turn. 
3341 074836, Left turn. A/ e below Cu )>ale 

3476 075300 Left turn. 
3593 075654 Left turn. Some turns earlier - too buy to time 
3774 ·080300 Deacending! Denter amoke. Tu:n !ollowa • no horizon. 

- 0808 • Cu above. 
3950 080908 Left Tarn. 0816 • uniform grey - tum! 
4190 081744 Left turn. 
4254 082004 DFC6aec Streaky omoke 
4263 082024 Left turn. Still below Cu bue 
4372 082427 Right· turn. 
4426 082630 Left turn. Faint horizon 
4468 082805 DFC 23see Sea .lllllfaee. Right turn 
4648 083500 Denter, then clearing 
4973 084751 Deme at 0845, horizon 084 7. Left turn. 
5047 085050 EDt bottom of plume 
5174 085602· DFC Sea 
5237 085839 A/e low point. Shadow 1/3 Ac on screen 
5274 090011 FFC In right turn 
5378 090934 _Climb to plume bue. Into plume 0910. 
5663 091657 Plume base right turn 
5710 091859 End 

Table 38: Summary of tape 110 for flight A076 
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TAPE. TIME CAMERA COMMENTS 
COUNTER GMT 

0004 0922590 FFC Grey 
0006 092257 DFC 14secs Smoke. Turn about 0925 Right at 0926 
0463 093015 Turn right Coastline 
0560 093115 Right tum 
0757 093529 DFC 50secs Coastline/llllnglint/smoke/turning right 
0921 093838 Right 
1191 094405 DFC 3secs Smoke 
1573. 095228 Right tum 

095403 DFC 3secs Smoke. Tuming right! 
1680 095500 Nose down. Left tum, coastline A/ c below plume base 
2284 101000 Grey • occasional Cu bases 
2296 . 101022 DFC 8secs Smoke 

101330 ish Turn (no horison) 
2591 101824 DFC &sees Sea - turning! 

102120 To:- FFC wry bad . -
2769 102331 DFC8oec Grey. FFC featve!ess md 1Ulltable picture 

.·)·· 
•. 

102700 FFC A/c in Rt tum. 
2980 102946 DFC 32secs Smoke.. FFC picture clear. V. Hazy 
3037 ·103130 Right tum. Just below Cu hues 
3196 103621- .DFC &sees Grey .. 

·i 
3250 "103801 DFC 4secs Grey 
3482 104525 DFC Sea, smoke wisps 
3648 105057 Right tum 

1055 More wisps 
3854 105800 FFC Sea had faded on DFC. FFC grey 
4183 110934 DFC4secs Grey. Blue appearing above 
4489 112048 DFC Sea surface • hazy. Smoke 1122 to 

112944 Coastline! 
4774- 113142 FFC Horizon visible 
4788 113216 Right tum above haze 
5166 114732 DFC Desert 
5357 115526 FFC Hazy 
5741 121200 End 

Table 39: Summary of tape 111 for fiight A076 
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TAPE TIME C.AMEBA. COMMENTS 
COUNTER GMT 

0000 121300 FFC Hazy 
0066 121354 DFC Desert 
0147 121511 FFC Hasy 
0681 122410 DFC Desert. Wadis. Descending 
0912 122830 FFC Hazy ground detail 

123100 ToWJIIhi.p. Tum right for Riyadh 

1235 Run-y in sight 
1612 124317 End. 

Ta~le 40: Summary of tape 112 for flight A076 

TAPE TIME CAMERA COMMENTS 
COUNTER GMT 

0000 062722 Start 
0655 063758 Take oft" Bahrain 
2252. 071325 DFC - -
2657 072429 toFFC Plume ahead 
2983 073357 DFC Over fires and smoke 
3348 074518 Over coast 

' 
. Over plume 

3810 .080033 FFC 
3934 080453 DFC Oil.Ucka 
3980 080630 ish Ships and wakes 

oil.Ucka 
4212 081456 FFC Plume ahead ...... . . 

4295 081758 DFC .. 

4592 082910 FFC 
4690 083200 DFC 

083623 Shadow or reflection 
5065 084802 FFC Below plume 
5072 084818 DFC 
5161 085156 FFC Small plume oft" rig 
5176 085233 DFC 
5321 085838 FFC Plume above 
5486 090543 DFC 
5534 090748 FFC Various ships and oil installations 
5793 091910 

Table 41: Summary of tape 113 for flight A077 
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TAPE TIME CAMERA COMMENTS 
COUNTER GMT 

0000 092010 FFC Start recording 
0122 092159 DFC 
0132 092207 FFC 

0931 FFC Into hue plume/cloud 
2269 100632 DFC 12aecs Sea 
2908 102430 DFC 8~ee~ 
3041 102828 FFC Rain 
3010 1029.19 DFC 7~ee~ 
3638 104734 DFC Cumulua below 
3654 104809 FFC - -
3858 105506 DFC 

110030 
4193 110657 FFC Ab<m! plumefc:umulua 
4318 111129 DFC 9~ee~ Cloudtopa 
4354 111249 - DFC 
4361 111303 FFC 

1118 FFC Thro' Cu/CB topa 
5568 120140 DFC 46~ee~ 
5736. 120856 FFC Into top of plume .. 

5780 121054 FFC Out of plume 
5887 121542 DFC Sea 
5978 121945 FFC Plume above 
6043 122240 FFC End tape 

Table 42: Summary of tape 114 for flight A077 

- 67 -



TAPE TIME CAMER.A COMMENTS 
COUNTER GMT 

0005 122338 FFC In plume - pic:ture breakup. Dense plume · 
0746 123550 Right turn 
0949 123945 DFC 20HCJ Smoke tops 
1291 124646 DFC 26HCJ Grey, then out of plume· base 
1997 130305 DFC8oec Grey 
2200 130814 DFC 13sec Plume tops 
2283 131026 Left turn at plume top 
2300 131(152 DFC Little detail 
2321 131125· FFC Still turning. Above plume 
2436 131433 Into plume, along top 
2510 131635 DFC 13oec Clooe to top1 
2842 132600 Plumebue -
2892 132731 Right turn below plume base, into plume 
3043 133200 Tops. Then above plume 
3611 135000 Left turn, then right, thro' I1Dl <J 
3878 135906 Right tum, above plume 

140300 Left •••. slightly 
4026 140415 DFC 6.ec Little detail 
4082 - 140616 Right turn into plume • quickly below plume 

.4277 141322 A/ c low point. Climb thro' thin plume • thinning fast 
4573 142430 Plume thicker, Cu Sc 
4701 142924 DFC peninsula, sea and smoke 
4764 143152 FFC Thickening plume - dUik. Descending 
4914 143750 Low point behind a tanker -
5284 145304 Right turn after flying thro' plume/ cloud 
5329 145500 Line-up 
5412 145830 End 

Table 43: Summary of tape 118 for flight A077 
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TAPE 'TIME CAMERA COMMENTS 
COUNTER GMT 

0000 DFC Concrete 
0657 092140 Rolling concrete 
0683 092219 Lift of!' 
0813 092434 FFC 
3027 101852 DFC 25oec Land 
3109 102122 DFC lmin on slick 
3168 102314 DFC 1.25min Oil slick 
3226 102503 DFC Land and oil Town at 3268 
3548 Kuwait City. Coastline 3594 
3632 Oil slick edge 
3760 Harbour 
3832 104500 4003 ·Fire · 
4134 Cultivation, town, coastline 4260 
4323 ·coastline, land A/C low turn 
4435 Coastline, sea 
4504 A/c shadow 
4566 111145 FFC . . 

4667 Smoke 
1. ')' 

'-
4758 111917 DFC3HC 

'--'-
4768 ·111938 DFC Oil slicks 
4808 . C<~~~,~tline, land 
5058 1131 Fires· 

.. 5125 Refinery • coastline; sea 
5262 113943 . Smoke 
5283 114036 FFC Smoke/ cloud top• 
5347 - . .. --- ---- Enter plume 
5434 114700 Increuing gioom, boom fades at"ll4715 
5449 114738 DFC 10sec Grey 
5476 114838 DFC 10oec Smoke still very thick 
5488 114921 DFC 6sec Clearance visible 
5535 U5124 DFC 20sec Fire 
5562 A/c below plume/low 
5764 120130 DFC &sec 
5859 Turn to dense bit, reenter plume 
6050 Climbing into plume 
6066 121506 End 

Table- 44: Summary of tape 121 for fiight A078 
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TAPE TIME CAMERA COMMENTS C) 
COUNTER GMT 

0000 121611 FFC No boom visible 
0029 12!640 DFC 10sec Grey 
0061 1217 Boom silhouette. Boom clearly vis. (nice out-of-the-

c1ag sequence) 
0400 Still heavy nnoke 
0505 .122418 DFC 10sec Smoke 
0624 122624 DFC Oil slicks 
0638 Coastline, land 
0684 Army convoy 
0688 122742 FFC H back into nnoke 
1349 Thick, but boom still visible 
1806 Plume edge, bank towards sunglint 
1950 Back to plume 
2409 130641 DFC5sec 
2524 Climbing tum into onm, out of plume 
2671 131358 DFC 15sec · Smoke tops 
2836 131844 DFC 20sec Smoke tops 
2946 Down into plume • aloug plume top 
3103 132647 DFC 10sec Grey . 
3737 Tom thro' 11m 

3999 135628 DFC 10see Tops 
4012 Into plume 
4067 Very thick 
4100 140008' .DFC 49sec Some surface detall • below plume ' 
4218 140422 DFC 24sec Sea IUl'face 
4293 A/c low point 
4338 140845 DFC4sec Tom into onm, nilglint 
4452 141307 DFC 7sec 
4553 Bright line between -/plume 
4643 Climb to plume 
4728 Plume top 
4797 142626 DFC 5sec 
5062 Plume bottom 
5222 Reenter plume 
5440 Plume top 
5503 145535 DFC 5sec 
561j1 Into plume 
5745 Boom just visible 
5835 Boom barely visible 
5894 Boom not visible, IUUiet · 
5932 151435 End 

Table 45: Summary of tape 119 for flight A078 
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TAPE TIME CAMER.A COMMENTS 
COUNTER GMT 

0000 062332 FFC tazi 
0557 063220 Rolling 
1300. Low level - waves! 
1495 065100 Into plume 
1890. 070014 Plume top 
1947 070142 DFC 5oecs 
2454 071500 Left tum. 

2504-2554 Spectacular lem fiare 
2819 072517 Into plume 
2909 ·072753 DFC 5secs 
3064 073237 DFC 20aea Sea lllrface 
3107 073355 Leave plume 
3305 074007 DFC 23oecs Sea 1111'fac:e 
3404 074317 DFC Sea lllrface. - a/ c shadow - mnglint 
3499 074623 Shadow more than fills oc:reen - low point 

. 3575 074854 FFC 
3819 075706 Plume top 
4004 0~0336 Into plume 
4219 081117· Bottom . 
4462 082019 Low point 
4472 082040 !Ught tum 
4516 082224 Plume baae -
4545 082327 DFC 17aec bland visible on FFC • !Ught tum. Plume not clear 
4724 083023 ... Left turn 
4865 bland 
5018 Plume visible again 
5068 084410 Into plume top 
5092 084508 Left tum 
5184 084858 Left turn 
5304 0854 Into plume. 
5410 0854 !Ught turn. 
5822 091634 End. 

Table 46: Summary of tape 117 for flight A079 
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TAPE TIME CAMERA COMMENTS 
COUNTER GMT 

0005 091728 FFC 
0300 Plume 'horizon' visible 
0797 093040 Left turn 
1177 093810 Left tum. Surface visible, blue sky • no smoke?? 

. 1580 094654 Right tum 
1644 094824 Left turn . 
1804 095210 Right turn 
2081 0959 Left 
2415 Clouds getting nearu 
2711 .1016 A type 2 Cu to the left. A/ c"tums right 
3195 103033 Dunes and rocks 
3348 A/c shadow 
3372 Oxbow shapes 
3400 A/c shadow. Beautiful curves 
3629 104444 FFC 
3688 104642 Rlght tum 
3774 De~cending 

3843 1052 Right turn 
4000-4072 ... A/c driTel round Cu 

4296 110815 Left tum 
4737 1125 Plume ahead? Right turn, then left 
4931 113248 End 

Table 4 7: Summary of tape 120 for llight A079 

- 72 -



. --- ~·. 

···~· 

TAPE TIME CAMERA· COMMENTS 
COUNTER ~MT 

0000 121& DFC Desert- relatively featureless after 120/3195 
0548 Herringbone pattern 
0686 122644 FFC 
0842 122939 DFC6oee 
1025 123315 rught tum into II1Ul 

1158 123558 DFC Dunes 
•1450 124214 FFC Into II1Ul 

2006 125520 Tum left 
2124 125820 DFC 25oees Dunes 
2650 131239 DFC Dunes 
2773 131610 rught tum 
3000 Still dunes - - • 
3213 132933 FFC Into II1Ul 

3239 133020 DFC 13oees rudges 
3388 133506 Left tum 
3772 "13475:1 DFC "Ridges/dunes 
3949 1354 Left tum 
3979 135503 FFC 
4652 142004 DFC· Dunes -

- 4707 142210 FFC 
4900 Smoke visible 
5130. 143911 DFC 13oee Dunes 
5284 144537 SUDJet 
5473 145339 DFC lmin Dunes 
5816 150840 Last of the light - quite pretty 
6030 151830 End 

. 

Table 48: Summary of tape 124 for ll.ight Ao79 
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TAPE TIME CAMER.A COMMENTS 
COUNTER GMT· 

0000 062626 FFC take off 
0414 Rolling 
0590 Smoke! 
2431 011714 Right turn 

- 2476 071825 DFC llaeca (Land) Smoke on FFC to right 
0-724 Distant smoke 

2933 073132 DFC Well UJed desert track 
3011 073355 Right turn 
3021 073413 FFC 9secs Smoke plumes bottom right 

073430 DFC Fires visible· Desert oil spill! 
3066 073535 Right tum, then left 
3163 073834 FFC Line of small Cu . 

3293 074240 DFC Desert and tracks, smoke at left side 
3431 074706 Left tum. Odd fonnation 3480 074845 
3559 075118 FFC Smoke at altitude above A/ e 
3691 075546 Right turn below Cu into hazy smoke. 
3756 075758 DFC Desert and cloud shadows, A/ e descending 

. 

3826 080025 Left turn • A/e shadow • multi tracked desert 
3930 080403 FFC Fires ahead/right 
4009 080650 DFC A/e shadow 

• 4012 0807 Tum. right. - -
4027 080731 FFC towards fires 

080825 Tum left • fires to left. Surface oil spill. Climbing 
081308 Gentle right 

4296 081713 Right turn just onor Cu tops • smoke ahead 
4430 082213 DFC 20sec 

0824 Nose down towards plume 
4608 0829 JUJt over plume 

083030 Entered outer edges 
4711 0833 In thick bit 
- 0835 Plume gloom 

4796 083620 Thickest • boom still visible jjUJt) 
0838 Plume gloom 

4887 0840 E%iting 
5012 0845 Clear but thick bit ahead. Enter at 084620 ish 

0849 Thickening plume gloom 
5183 0852 E%it below plume 
5252 085454 Left turn 

0858 Below plume, fire to 'left. Thick bit ahead 
5432 090229 Enter thick bit. Structure visible - prob near top 
5517 090610 Right turn. Still near top. Plume gloom by 0909. 

- Between layers 0913·14 
5750 091625 Right turn back to PG. Layered 0923 
5919 092400 End 

Table 49: Summary of tape 115 for flight AOSO 
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TAPE TIME CAMERA COMMENTS 
COUNTER GMT 

0007 092456 FFC Plume Gloom· close to top (0927) 
0842 093230 Left turn 
0624 0935 ·Layered 

0732 093700 
0750 093720 DFC 
1003 094234 

094450 Turna, & touch of coastline 
1138 094521 Oil spills by 0926. 
1273 094813 FFC Overeat . 

-1348 094951 DFC Shadow /rellection 
1512 095329 Climbing/tum. Good sh&dow 095415 to turn 
1564 095440 and descend &g&in 

1000 Good reflection, sh&dow wing, oil 1003 
2005 • 100519 rught turn and climb 
2045 100620 FFC 
2313 101320 Into plume 
2508 101836 Into plume - -

Plume gloom by 1022. 1032.5 thick bit.&nd e&mer& 
flare 

3178 103816 DFC 9sees Grey 
3400 104520 Ac As becoming Tiaible. Odd patch upper right 

- 104940 -
"3575 105102 . IDght turn. Into plume 1053.5 

r 1058 Plume Gloom· upper cloud still just visible, then g~. 
Dense 1102 

3932 110312 DFC 4•ees White 
4084 110832 DFC 6sea Light grey 
4184 111050 IDght turn 
4220 111327 Video off until NOT ON TAPE LOG -
4220 122441 71 minutes and its still Plume Gloom 
4455 123326 Upper cloud visible , close to top of plume 

124011 Small IDght turns 
1243 Upper cloud 

1250 ish Left turn 
4963 125315 Left turn, still close to top of plume 
5375 131022 Cloud and sunglint. Left turn 
5554 131806 End 

Table 50: SUin~D&TY of tape 116 for flight A080 
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TAPE TIME CA .. ¥"'·R A. COMMENTS 
COUNTER GMT 

0003 131849 FFC Gloomy . 
Clear of smoke 

0616 132844 Left turn ~d back in again 
0769 . 133130 Right turns 
1683 135030 Coutline 
1734 :135142 Left turn Descend, ~~mdband 1352.5 . 

140000 A/ c low -. oome smoke 
2271 140503 DFC 10aec No detail 
2571 141314 Left turns into plume gloom 
3227. 143237 Left turn over coutline 
3409 143820 . White gloom for a change. Above .cloud by 1440. 

Cumulus 
3884 145414 DFC 6sec · Sea onuface. Night approacheth 
4189 150500 Night 
4277 150811 End 

Table 51: Summary of tape 122 for !light A080 
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TAPE TIME CAMERA COMMENTS 
COUNTER GMT 

0001 062421 FFC T/0 
063200 Rolling 

0868 063900 Smoke 
1494 065200 Gradually clearing. Coastline just appearing 

0659 ish Over coast 
0705 Getting thicker again 

2519 071732 DFC 14aecs Sand and tracks 
2719 072309 DFC Sand and tracks 
2874 072740 Crossroads 
3099 073430. Right tum• 

3107 44 FFC Desert hase 
3249 073907 DFC Much desert many tracks 
3468 074611 FFC Smoke to right 
3617 0751505 Left tum. Hazy horizon . -
3973 080320 Descendhur then tum left 

.) 4002 080422 Fires ahead. Still turning 
4215 081200 Smoke ahead/right A/c descending 

32 to 38 Pattems (odd) A/ c shadow at 081844 
4434 082004 5 parallel "tracks" 

. 14 More 
4491 082214 Fire at right A/ c t1U'DJ and climbs 
4594 082609 FFC Fires ahead. Approaching plume from upwind 
4815 083446 St&YlDi above plume until -

4908 083830 Euter plume. Hazy 
5113 084648 DFC Sea, descending. Not very-low point 084910 
5195 085011 FFC Hazy horizon. Climbing back to smoke 
5438 090027 Left tum 
5559 090540 DFC Sea, some smoke 
5632 090851 FFC Hazy 
5848 091824 Thicker bit 
5884 092000 End 

Table 52: Summary of tape XXX for :flight A081 
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TAPE TIME CAMERA COMMENTS 
COUNTER. GMT 

0000 092033 FFC Very hazy 
0946 093634 Left turn. Thickish band at A/ c le:rel - last 5 millll 
1346 094446 . Getting thicker. rught tum 

. 

1424 094630 I.;e:rel out • near plume base 
1651 095134 DFC sunglint 
1866 095640 FFC Greyish 
2018 100024 rught turn. Straighten between layers cloud/smoke 
2252 100627 rught tum . . 

102125 Denoer bit 
3526 104415 rught tum Into camera i1are 
4031 110134 ·Left tum. Unmitigated grey 
4370 111356 rught tum 
4786 112956 . Left tum. 

1145 Turning, No horizon ~ all grey 
5535 . 120104 Left tum. Sea fUrfac:e - brighter 

1207 Detcendlng 
5755 121042 rught tum 

1212 BR.N approach and landing 
5924 121815 End 

Table 53: Summary of tape XXX for flight A081 
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18. Other Information Available 

Standard plots have been produced for each llight and these are stored at MRF. For each run 
and profile the following p&r&meters have been plotted: 

(a) temperature, 

(b) dew point, 

(c) TWC dew point, 

· (d) tot&l w&ter, 

(e) northw&rd wind component, 

(f) eastw&rd wind component, 

(g) uncorrected vertieal velocity, 

(h) corrected liquid water content, 

(i) .total scattering coefficient, 

(j) ozone, 

(k) ~ressure height, · 

(1) upper vis clear, 

.. ) • (m) upper vis red, 

(n) lowet vis clear, 

(o) lower vis red, 

(p) 502, 

(q) NO, 

( s) FSSP concentration and 

( t) PCASP concentration. 

Also for each profile a tephigr&m and hodograph has been plotted. To view and get more infor- · 
mation on these contact Doug Johnson ·Ext 5734. 
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METEOROLOGICAL OFFICE 

Meteorological Research Flight 

Dr Peter Hill 
NOAA 

Y46 Building 

Office of the Chief Scientist 
Arabian Gulf Program Office 
Herbert C Hoover Bldg, Room 1617M 
14th & Constitution N.W. 
Washington, D.C. 20230 
US A 

Dear Dr Hill, 

Thank you for your fax of 8 October 91. 

I enclose two reports: 

Our Reference M/MRF/9/5/16 

Date 10 October 1991 

c/(al Our pr~llminary report of Jtme 91 (which you already have a fax of) 
lb) Our paper submitted to Nature. 

They are essentiall;• the same, although our estimates of emissions have been 
updated slightly in (b), which is also slightly shorter because of the page 
limitations in Nature. 

I hope theBe are useful; I- look 'forward to recei \·ing a copy of the completed 
folder. 

Yours s]ncerelr, 

Dr G J Jenkins 
Head, Meteorolog]cal Research Flight 

Royal Aerospace Establishment FAR-NaOROUGH Hants GU14 6TD UK 
Direct tel: 0252 370019 International: +44 252 370019 Fax: 0252 376588 
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Introduction 

About 600 naturally pressurised oil wells were set alight in Kuwait in late February 1991, 

injecting massive quantities of smoke, sulphur dioxide (S02 ) , unburnt hydrocarbons and ni-

trogen oxides (NO.=N0+N0 2) into the atmosphere; estimates for the burning rate vary from 

2 to 6 Mbarre!s per day (MBd-1 ). The main source areas, as indicated by ground surveys 

and infrared satellite images, are shown in figure 1. Assessments of the impact of the pollution 

from Kuwait have be<!n made (those from the UK Meteorologicai Office and from the Hamburg 

group were reported in Nature, 30 May 1991) but there are large. uncertainties due to the lack 

of information on the magnitude and the characteristics of the emissions and the resulting plume. . . . 

In order to investigate the nature of the plume, the chemical and particulate composition of 

the smoke, and.its effect on visible and thermal radiation, tlie C-130 aircraf't of the Meteoro-

logical Office Research Flight (MRF) W&J! based in Bahrain during late March 1991 and from 

there made a total of 57h of observations in eight fiights into and. around the plume. This is a 

preliminary report of the the first airborne measurements of the plume both close to source (up 

to 200km) and in the far field (1000km from source). 

Meteorology and plume behaviour 

Based on a mixture of visual, photographic and in situ measurements over the period of the 
' 

investigation, the typical appearance of the plume can be summarised as follows. Smoke from 

individual oil wells combined &D,d continued to rise so that the plume top reached about 5000m; 

shallow convective clouds were observed to form on the windward edge of the plume on many 
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occasions. On the majority of days there was a marked directional ·.vind shear in the vertical 

leading to differential advection of the plume with, for example, the lower part of the plume 

being tr&nJported southeastwards down the Gulf, with the upper part heading across the Gulf 

towards Iran. 

There has been speculation that, as a result of radiative self heating aerosol may be carried 

upwards (often referred to as self-lofting) into the stratosphere, where its long lifetime would 

allo~ transport over considerable distances. Visual observations showed the plume top to be 

. relatively well defined on most occasions, although sometimes with an uneven structure on the 

upper surface. On one or two occasions only a detached smoke layer was seen a few tens of 

metres above the main top. Over the eight days of measurements, the maximum height at .. 

which substantial aerosol enhancement was seen was Skm; at a distance of 120km from source. 

Therefore, based on these o)>servations over a limited period we deduce that significant amounts 

of aerosol were not being lofted into the stratosphere, ·in agreement with recent assessments. 

Near field measurements of particulates and chemistry 

On 28 March 1991 a flight was undertaken to investigate the smoke plume in the near field 

of the source region in order to quantify the magnitude and character of the emissions from 

the southern oil wei! fires. Multiple vertical profiles and cross wind horizontal runs through the 

plume were executed approximately 120km downwind of the source (defined for the purposes of 

this report as 29"N, 48°E.) as shown in figure 1. 

A laser scattering probe was used to measure smoke particle concentrations and deduce the 
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mass of smoke particles per unit volume (smoke density). Continuous measurements of SO:.h (J 
NOr and ozone (03 ) were made from the C-130 and in addition, samples of polluted air were 

pumped into stainless steelllaaks, which have subsequently been analysed for c.-c. hydrocar-

bons. 

Figure 2 shows data from a descending profile carried out alongwind through the centre of 

the plume. A significant vertical wind shear was present and the plume as indicated by the 

particulate and gaseouo pollutants had a complex vertical structure, on this occasion made up 

of two main layers; an upper one with a top at 4,600m and base 3,600m and a much deeper 

and denser lower layer with a top at 3,200m and base l,OOOm. The lower layer was capped by 

thin altocumulus cloud. Figure 2 a-d show the smoke density, the liquid water content and the 

wind speed and direction respectively. Figure 3 a-c show the S02 , Oa and NOr mbdng ratios 

and the sum of the Oa_ and· the NOr mbdng ratios. From the close correspondence between the 

sum of NOr and 0 3 within. the plume, and·the 0 3 profile obtained earlier in the fiight outside 

the plume {figure 3d), it can be seen that NOr + Oa is better conserved than either NOr or 03 

separately. 

Seven horizontal, cross wind rum through the plume were carried out at heights between 1,420m, 

and 4,420m. Each run was over the same ground position as shown in figure 1. FigUres 4 a

d show measurements from the run at 2,440m (near the centre of the lower plume) of smoke 

density, total scattering coe11icient as measured by the integrating nephelometer, S02 , NOr, 

and Oa and the sum of NOz and Oa. A clearly defined plume SOkm wide is seen. The highest 

concentrations found during this horizontal run were SOOpgm-3 of smoke, 400ppbv of S02 and 

40ppbv of NOz. In both the vertical profiles and horizontal runs all the plume indicators (S02 , 
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NO:r, particulates, scattering coefficient) were highly correlated; this behaviour was consistendy 

exhibited over several days of measurements close to the source, with the correlation coefficient 

between S02 and smoke density, for example,' typically greater than 90%. (For comparison, 

maximum hourly concentrations in Central London are typically 300 ppbv for S02 and NO., 

and lOOJLgm-3 of black smoke. UK maximum ozone concentrations usually reach 150 ppb at 

some period in summertime.) 

In the lower layer a.s seen in the pio:file a.:nd horizontal runs, NOr and 03 mixing ratios are 

negatively correlated while their sum shows little horizontal variation (figure 4d). The negative 

correlation between 03 and NOr is indicative of the reaction between 03 and NO. This lack of 

horizontal variation indicates that there has been no detectable loss of 03 either by reactions. 

with smoke particles or in the conversion of S02 to sulphate. In the upper layer shown in fig

ure 3c .(also evident from higher level horizontal runs) it is clear that the negative cor:elation 

between NO. and 0 3 no longer exists, indicating that some degree of photochemical oxidant 

production has already been initiated by the ambient solar radiation. 

Results of the hydrocarbon analysis of three flasks (out of a total of 44) filled in different parts 

of the plume are summarised in table 1. The maximum mixing ratios of benzene and toluene 

determined from the samples are lower than the corresponding mixing ratios in a sample of air 

taken beside a busy road in Brackne!l, U.K. However, n-hexane mixing ratios in the flasks filled 

in the plume were substantially greater than in the Brackne!l sample. 

The flask which showed the highest mixing ratios of hydrocarbons of any of the flasks analysed 

(sample A) was filled at an altitude of 2600m as the C-130 penetrated the densest part of a 
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T able 1: 
Species Sample A Sample B Sample C 

30 March 91 30 March 91 29 March 91 
Mixing ethane Mixing ethane Mixing ethane 

Ratio Ratio Ratio Ratio Ratio Ratio 
(ppbv) (ppbv) (ppbv) 

ethane 25.111 1.000 5.440 1.000 1.330 1.000 
ethene 13.030 0.519 1.851 0.340 0.034 0.026 

propane 19.952 0.794 2.345 0.431 0.453 0.340 
propene 1.637 0.065 0.220 0.040 0.026 0.020 
benzene 1.057 0.042 0.215 0.040 0.044 0.033 
toluene 1.309 0.052 0.203 0.037 0.025 0.019 

n-hexane 5.052 0.201 0.409 0.075 0.013 0.010 

I NMHC(T) I 339.6 13.53 1 45.92 8.44 1 6.266 4.71 1 

smoke plume on the 30 March 1991, 120km from the source. A second fiask filled on the same 

day (sample B) at an altitude of 1500mnear the bottom of the plume was more typical of several 

of the polluted ftask samples. Since hydrocarbons with very dilferent life times, such as ethane 

and ethene, are found in similar proportions in both sample A and B it is likely that the lower 

mixing ratios lD sample B are due to a dilution through turbulent mixing rather than chemical . :~ 

loss. 

Far field meuurementa of particulates and chemistry 

For several days at ·the end of March a low pressure system was present in the upper air to 

the north west of Kuwait. On 29 March 1991 satellite images showed smoke over the central 

deserts of Saudi Arabia some distance from Kuwait oriented roughly southwest-northeast and 

being advected to the northeast. The C-130 was deployed to make measurements in this area 

of smoke; its fiight track is shown in figure 1. The 03 mixing ratios and particle concentrations 

observed in a horisontal run through the area of smoke are shown in figure 5 a and b; smoke 

particle concentrations are enhanced by several hundred particles per cm3 and 0 3 mixing ratios 
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() are enhanced by 40-60ppbv over the already high values in adjacenr clear air. 

It is likely that the enhanced ozone in this more distant plume is formed from ozone pre

cursors released from the oil fires. In contrast to the hydrocarbon samples collected near the 

fires, the contents of a flask (sample C, table 1) filled in the smoke shows a different distribution 

of hydrocarbons. This sample still has relatively high mixing ratios of many of the longer lived 

hydrocarbons, such as ethane and propane, while the mixing ratios of the short lived hydro car-

bons such. as ethene and propene axe s-ubstantially reduced. The mixing ratio of ethane in this 

sample compared with that in sample B, 120km from source, indicates that the plume disper

sion has not been very efficient. The very low mixing ratios of the shorter lived species suggest 

that significant degradation through OH attack has taken place consistent with the enhanced 

ozone within the plume. Although the NOr mixing ratios in the plume were below the limit 

of detection (5ppbv ), the potential for further ozone production cannot be. ruled out because .. 

mixing ratios of only several pptv are required to generate ozone. However the absence of many 

of the. more reactive and therefore short lived hydrocarbons from the plume at this time means 

that any further ozone production will proceed at a much slower rate. 

The observations of this mature area of smoke on 29 March suggests an interpretation of some 

of the clear air observations in the near field. During many of the vertical profiles made near the 

source region but out of the visible plume, ozone mixing ratios much greater than the normal 

free tropospheric background (30·40 ppbv) were encountered (e.g. figure 3d), associated with 

somewhat increased particle density. It is likely that the enhanced ozone mixing ratios observed 

in the dear air are due to precursor emisaiona aeveral days earlier which have remained near, or 

returned to, the source areL 
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Morphology of smoke particles 

Ambient air was passed through Nuclepore polycarbonate filters with a 0.4pm pore size pro

jected about 0.4m from the aircraft skin on an extendable boom. Some of these filter samples 

were studied with a scanning electron microscope to determine the smoke particle morphology. 

Figure 6a shows a typical smoke particle from a filter exposed 180km from the source, on 30 

March 1991. The smoke particles are composed of spherules having a mass mode diameter of 

approximately O.lpm which form chains of hundreds in number and several microns in length. 

These chains are common features of oil smoke. 

Particles on filters exposed over lOOOkm from Kuwait (figure 6b) have a different appearance 

to ·those from the near field; although the· spherule sise ia similar In both cues the spherules in 

the far field are more likely to be cloaely packed into near-spherical clusters. This behaviour has 

been noted In laboratory experiments, in air aged at high humidity. 

Estimates of the magnitude of emi11Bioll8 from the fires 

Although it wu not the original intention of the measurements to estimate the emissions from 

the fires, the series of multiple horizontal runs and vertical profiles through the plume carried 

out on two of the days allow such an estimate to be attempted. The magnitude of sulphur 

emi11ions wu estimated by determining the :flu of sulphur in the plume, calculated from the 

product of the sulphur concentration aero•• a vertical.ero11wind plane through the plume and 

C) 

the wind component perpendicular to this plane. 502 meuurements were wied, together with ·:) 
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the winds measured by the aircraft. 

For 28 March 1991, when the aircraft measurements captured essentially the entirety of the 

plume about 120km from the southern oilfields, we estimate the source strength of these fields 

to be 6 Mt yr- 1 of sulphur. As the oil has a known sulphur mass fraction an estimate of sulphur 

emissions will allow the total emissions from the oil weil fires to be deduced. Assuming a value 

of 3.3% for the southern oiliields, this corresponds to an oil burning rate of 182 Mt yr- 1• We 

assume, based on previous estimates, that the sou.them oilfields account ior 85% of the total 

burning rate; this implies a total rate of 214 Mt yr-1 or 4.1 MBd- 1 • A fiux calculation on 

30 March 1991 gives a similar burning rate. Because of the motion of the plume, and time 

taken to make the multiple passes through it (typically 3 hours), the plume sampling will not. 

be instantaneous; it is considered subjectively that this and the complex structure of the plume 

wm lead. to erron in estimating the source strength of ± 40%. Thus the range of uncertainty 

for the burning rate is 2.5-5.7 MBd-1 • A far larger number of passes through the plume, or the 

use of a lidar system able to make a two dimensional scan of the plume cross section, would be 

needed in order to narrow the uncertainties in this estimate. 

Using the relationships between concentrations of various pollutants measured by the C-130, 

we can directly estimate the source strength of other constituents; these are shown in table 

2. Carbon gas (!e the sum of CO + C02 + CH, + NMHC) is the residual when calculated 

emissions of S, NO'"' and particulate carbon are subtracted from the total. Also shown in the 

table are estimates of emissions from three recently published assessments. 
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Tabie 2: 
Bakan et aJ.l 

C) 
This Study Browning et al.4 Smali·1 

Component Mt yr- 1 Mt yr-1 Mt yr- 1 Mt yr I 

Total Burn Rate 214 80 63 161 
Carbon Gas 203 60 63 

Fine Particulate Carbon 4.6t 5 5.8 16.1 
Sulphur 6.1* 2 

Nitrogen Oxides 0.24t 0.5 

t Assuming the same emis1ion factors for the southern and northern fires. 
* Assuming a 1.5% sulphur content for the northern fields which contribute 15% overall to the emUsions. 

Effect of the smoke on radiation 

The effect of the smoke plume on radiation is illustrated in figure 7, showing measurements 

taken during a· horizontal run on 31 March 1991 through the centre of the plume at 2900m 

about 65km ttom source. The plume, with a top at 3600m and a base at 1 700m, was being 

blown down the Gulf by winds at ali levels from the northwest. The plume was well defined by 

the smoke density, and the aircraft flew just beyond the densest region before turning. The total 

shortwave (0.3-3I'DI.) downwelling flux was reduced from its clear sky value of 800 Wm-2 outside 

the plume to essentialiy zero in the centre, and usociated changes were seen in the infrared and 

microwave regions. 

Figure 7c shows the downward hemispheric infrared ( 4-501'DJ.) fluxes measured by a pyrge-

ometer to be increased by 45 W m-2 in the centre of the plume compared with that in clear 

air due to the increased emission from the smoke particles. At infrared wavelengths scattering 

.due to the individual spherules will be negligible although the carbon chains may still scatter a 

significant amount of radiation. 

Also plotted in figure 7c is the vertical downward radiance at 11.11'DJ. measured by a multi-
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channel, narrow field of view {1.5') radiometer mounted on the aircraft. The radiance in this 

atmospheric window channel was closely correlated with the variation in broadband infrared 

flux, with~ increase in radiance of 20 mW m-2 ster-1 (cm-1 J-1 in the plume, except for the 

peak at 45 km along the run which is thought to be due to a small cloud at the top of the plume, 

also seen in the microwave measurements (figure 7d). 

Figure 7d shows the effect the plume had on downward radiances (or brightness temperatures) 

at 89 and 157GHz measured by a microwave radiometer. Atmospheric emission at these fre

quencies is principally controlled by water vapour absorption and liquid water. The increase in 

brightness temperature in the plume at 157 GHz {22K) is three times the increase at 89 GHz 

(SK) but both are well correlated with the infrared radiance. The close correlation between the·. 

infrared fluxes and microwave radiances was seen on several occasions when there was. no trace 

of liquid water in the plume. 

Disctusion 

The observation that significant amounts of smoke were not present above 5km bears out pre

vious predictions by the UK Meteorological Office and others. Our best estimate of oil burning 

rate is greater than those previo~ly assumed, but the greater C02 emissions that this implies 

would still have a negligible effect on giobal climate through the greenhouse effect. Our best 

estimate of particulate emission• ia similar to that asaumed in the Meteorological Office study; 

the greater burning rate which we deduce is offset by a lower smoke emission factor. The 

sulphnr emissions calculated from airborne measurements are co!lliderably higher than those 

taken in the Meteorological Office asaessment and, although we would expect the acidity of 
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rainfall episodes to be no higher than previously predicted, these episodes would extend further Q 
downwind across Southern Asia. As predicted, increased photochemical oxidant concentrations 

were observed both close to the source and further afield. The emissions of nitrogen oxides are 

smaller than those assumed in the Meteorological Office study; for this reason and because they 

are rapidly removed, they are unlikely to int!uence the global NOr background and therefore will 

have little impact on global tropospheric ozone. Our measurements thus support the conclu-

sions of several recent assessments that, whilst effects on a global scale, including those on the 

Asian summer monsoon, are likely to be insignificant, they may he significant on a regional scale. 
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Figures 

1. The location of aircraft tracks for the near and far field flights. 

2. A vertical cross section of the plume made in a descending profile on 28 March 1991, 120km 

from the source, (a) smoke density, (b) liquid water content, (c) wind direction' (d) wind 

speed. The large apparent smoke density values at 3km are due to the liquid water cloud. 

3. As figure 2, for (a) S02, (b) 03, (c) NOr, 03+NOr (thick line). (d) 03 outside the plume, 
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\] upwind of the source. 

4. A horizontal cross section through the plume at 2,440m on 28 March 1991 of (a) smoke 

density, (b) total scattering coefficient, (c) S02, (d) 03 (solid line), NOr (dashed line) and 

03+NOr (dotted line). 

5. Horizontal run through the area of smoke (about 1000kmfrom Kuwait) on 29 March 1991 

showing (a) 03 (b) smoke concentrations at an altitude of 441JOm. 

6. Scanning electron micrographs of smoke particles collected on filters exposed in the plume 

on (a) 30 March 1991, 180km from the source and (b) 29 March 1991, about 1000km from 

the source. 

7. An illwtration of the effect of the smoke on downwelling radiation during a crosswind run 

through the centre of the plume. Cl smoke density, b shortwave fiux, c infrared fiux . and 

11 1= radiance (in units of m W m-2 ster-1 ( cm-1 }-1 ) and d the microwave brightness 

temperatures at 89 and 157 GHz. 
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Airborne observations of the physical and chemical characteristics of the 

Kuwait oil smoke plume 

Abstract 

Airborne measurements in the densest part of the smoke plume at about 120km from the burning 

wells in Kuwait in late March 1991 showed typical particulate mass densities of 500-1000JLgm-3, 

mixing ratios of 500-1000ppbv of sulphur dioxide and 30-60ppbv of nitrogen oxides_ 1000km 

from Kuwait, ozone was enh&Lced by about 50ppbv within the area of smoke. The oil bw-n rate 

was estimated from sulphur.tluxes to be 3-9±1.6 Mbarrels d-t. Significant amounts of smoke 

· were observed only below SOOOm and the measured attenuation of solar radiation by the smoke 

was similar to those assumed in recent assessments. 
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Introduction 

About 600 naturally pressurised oil wells were set alight in Kuwait in late February 1991, in-

jecting massive quantities of smoke, sulphur dioxide (S02), unburnt hydrocarbons and nitrogen 

oxides (N0z=N0+N02 ) into the atmosphere. Assessments 1•2•3 of the impact of these. poilu-

tants are subject to large uncertainties in the magnitude and the characteristics of the emissions 

and the resulting plume. 

To investigate the chemical and particulate composition of the smoke, and its effect on visi-

ble and thermal radiation, the C-130 aircraft of the Meteorological Office Research Flight made . . . 

57h of observations in eight flights into and around the plume in March 1991. This paper reports 

the first airborne measurements of the plume both close to source (up to 200km) and in the far 

field (1000km from source). 

Meteorology and plume behaviour 

Typically the smoke from individual oil well fires combined and rose so that the plume top 

reached about 4,500m with, on many occasions, shallow convective clouds forming on the wind-

ward edge of the plume. There was a marked vertical wind shear leading to differential advection 

of the plume, e.g. the lower part of the plume being transported southeastwards down the Gulf, 

with the upper part moving over Iran. 

There has been speculation that, due to radiative self heating, aerosol may be lofted ·1 into 

the stratosphere, where its long lifetime would allow transport over considerable distances. Vi- ·~ 
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() sua! observations showed the plume top to be well defined with a maximum height of 5000m. 

On one or two occasions a detached smoke layer was seen a few tens of metres above the main 

top. These observations in springtime show that the smoke was confined to the lower half of the 

troposphere and significant amounts were not being lofted into the stratosphere, in agreement 

with recent assessments 2
•
3

• 

Near field measurements of particulates and chemistry 

Vertical profiles and cross wind horizontal runs through the plume were executed on 28 March 

1991, 120km downwind of the source (defined as 29°N, 48°E) south of Kuwait City. This dis

tance was chosen as it was close enough to the source areas that the totality of the emissions . 

could be measured while not so close that the inhomogeneity of the individual sources rendered 

the measurements unrepresentative. 

A Passive Cavity Aerosol Spectrometer Probe (PCASP) was used to measure smoke parti

cle concentrations and deduce the mass of smoke particles per unit volume (smoke density). 

Continuous measurements were made of S02 , NOr and ozone (03 ) .with accuracies' of± 5%, 

± 10% and ± 5% respectively. Stainless steel flasks were pressurised with ambient air and sub

sequently analysed for C2-C8 hydrocarbons. 

Figure 1 shows pollutant concentrations, together with the. sum of 03 and NOr mixing ra

tios, from a descending profile carried out alongwind through the centre of the plume. Also 

shown is an 03 profile obtained earlier outside the plume. The plume had a complex vertical 

structure, made up of two main layers; an upper one \vith a top at 4,600m and base 3,600m and 
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a deeper, denser lower layer with a top ac 3,200m and base l,OOOm. The lower layer was capped 

by thin (200m) altocumulus with droplets of high concentration (270 cm-3 ) and small effective 

radius (2.5Jm1). The upper layer was advected eastwards while the lower layer was advected 

southeastwards down the Gulf, trapped by a weak temperature inversion at the top of the liquid 

water cloud. 

Seven horizontal, cro~s wind runs over the same ground position were carried out at l,420m, 

l,520m (twice),l980m, 2,44Qm and 4,420m (twice). Figures 2 a-d show measurements from a 

run through a 50km wide plume (near the centre of the lower layer at 2,440m) of pollutants, 

total scattering coefficient and NOz+03. In both the vertical profiles ·and horizontal runs all 

the plume indicators (S02 , NOz, particulates, scattering coefficient) were highly correlated; this 

correlation was ob~erved over several days of measurements close to the source. 

In the lower layer NOz ~d 0 3 mixing ratios were negatively ~orrelated, indicative of the gas 

phase titration of 03 by NO, while their sum showed little horizontal variation (figure 2d) in· 

dica,ting_litt!e loss of 0 3 either by reactions with smoke particles or_ in the oxidation of S02 to 

sulphate. In the upper layer the observed correlation between NOz and 03 was zero or positive, 

indicating that photochemical oxidant production had already been initiated. 

Analyses of hydrocarbon samples taken in different parts of the plume are summarised in table 

1. The flask which showed the highest mixing ratios of hydrocarbons (sample A) was filled at an 

altitude of 2600m in the densest part of a smoke plume on 30 March 1991, 120km from source. 

The aggregate of the carbon contained in all of the non-methane hydrocarbons (NMHC) which 

can be identified, implies the presence of at least 340 ppbv of carbon as unburnt hydrocarbons. 
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C) Assuming unidentified species having a flame ionization response are hydrocarbons irr..plies a 

carbon content of over 460ppbv. A second flask filled on the same day (sample B) at an altitude 

of 1500m near the bottom of the plume was a more typical sample; when compared with a UK 

urban air sample the maximum mixing ratios of benzene and toluene in the plume sample were 

lower but that of n-hexane was substantially greater. 

Two supersaturation cloud condensation nuclei (CCN) spectra taken on 28 March 1991, one 

just below the top of the upper smoke layer at 4,500m and the other in clear air at 5,200m, 

indicate the plume contains an order of magnitude more CCN for a given supersaturation. For 

example at 0.6% supersaturation CCN concentration increased from 140cm - 3 to 2000cm - 3 • In 

the thicker parts of the plume, CCN were so numerous (>4000cm-3) that the counter became 

overloaded. 

Far field measurements 

On 29 March 1991 satellite images showed smoke over central Saudi Arabia some distance 

from Kuwait oriented southwest-northeast and being advected to the northeast. The O, mixing 

ratios and particle concentrations observed in a horizontal run through this area of smoke are 

shown in figure 3 a and b. 

In this more distant plume, it is likely that the ozone, enhanced by 40-60ppbv . over the a!-. . . . . . : 

ready high values in the adjacent clear air, is formed from ozone precursors (NO: and NMHC) 

released from the oil fires. In contrast to the hydrocarbon samples collected near the fires, sam-

pie C (table 1), taken in this distant plume, has a different distribution of hydrocarbons. It still 
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has relatively high mixing ratios of the longer lived hydrocarbons, such as ethane and propane. 

CJ 
but short lived hydrocarbons such as ethene and propene are substantially reduced. The low 

mixing ratios of shorter lived species suggest that significant OH degradation has occurred con-

sistent with the enhanced ozone. Although the NO: mixing ratios in the plume were below the 

limit of detection (5ppbv), the potential for further ozone production remains because mixing 

ratios of only several pptv are required to generate ozone 6 • However the absence of many of 

the more reactive and therefore short lived hydrocarbons means that further ozone production 

will proceed at a slower rate; 

The observations of this mature area of smoke suggests an interpretation of some of the clear 

air observations in the near field. During many of the vertical profiles made near the source · 

region but outside the visible plume, ozone mixing ratios much greater than the normal free 
' ' ' 

tropospheric background (30-40 ppbv) were encountered (e.g. figure ld), associated with some-

what increased particle density. The enhanced ozone mixing ratios observed in the clear air were 

probably formed from NO: and NMHC in smoke emitted several days earlier which remained 

near, or returned to, the source- area. 

Morphology of smoke particles 

During ftights in the smoke plume ambient air was drawn through polycarbonate filters which 

were subsequently studied with a scanning electron microscope: (SEM). Figure 4a shows a typi-

cal smoke particle from a filter exposed 180km from the source, on 30 March 1991. The smoke 

particles are composed of spherules of diameter appro::dmately O.lJ.IIIl which form chains of hun-

dreds in number and several microns in length, as observed in other studies 1•7 • 
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Particles on filters exposed over lOOOkm from Kuwait (figure 4b) have a different appearance to 

those from the near field; although the spherule size is similar in both cases, the spherules in 

the far field are more l!kely to be closely packed into near-spherical clusters. Similar behaviour 

has been noted 8 in laboratory experiments, in air aged at high humidity. 

The PCASP determines the number and size distribution of particles- by passing· them through 

a laser beam and measuring the scattered light intensity, using a relationship between inten· 

sity and size derived using latex spheres of known radius. The smoke density is calc)llated by 

integrating the size distribution assuming (a) 100% collection efficiency, (b) the non-spherical 

particles in the plume scatter the same amount of light as spheres of the same mass (we conclude .. 

from previous laboratory7 and theoretical9 work that, for the shape of the particle encountered, 

: this assuniption is reasonable) and (c) the density of the smoke particles is lgcm -J, in line with 

Sokollk10• Support for this approach comes from the mass loading of the filter samples, which 

suggest that the absolute determination of smoke density from the PCASP is not grossly in error, 

and the linear relationship -between S02 concentrations and smoke density (see below) which 

confirms the instrumental response to smoke density is linear. Nevertheless, the uncertainties in 

these assumptions lead us to believe that the absolute values of smoke density could be up to 

2-3 times higher than those shown. The relative variations in the plots are still valid. 

Emission estimates 

The magnitude of sulphur emissions was estimated from the "flux of sulphur through a crosswind 

plane determined from the product of sulphur concentration and the wind component perpen· 
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dicular to the plane. so2 measurements from the hor)zontal runs and vertkal profiles through 

the plume were used, together with the winds measured by the aircraft. Above 3000m where 

the S02 monitor will not operate, PCASP measurements were used to derive proxy S02 vll;lues 

through the linear relationship evident in figures 1 and 2. 

On 28 March 1991, when virtually all of the plume about 120km from the southern oHfields 

was sampled, the estimated sulphur emissions were 5.7Mt yr-1• Assuming a value of 3.3% for 

the sulphur content of the southern oilfields 11 , this source strength corresponds to an oil burning 

rate of 172.1Mt yr-t. We assume, based on previous estimates ' 2·'3 that the southern oilfields 

account for 85% of the tota!burning rate; implying a total rate of202.5Mt yr-t or 3.9MBd- 1• 

An estimate for 30 March 1991 gives a similar burning rate. A subjective estimate of the error , 

in this source strength is ±40% based on the temporal evolution and. spatial variability over the 

3h measurement period. 

Using the relationships between concentrations of S02 , NOz and particulates, we estimate the 

source strength of NOz and particulates from the sulphur source strength (table 2). Carbon as 

gas (ie the mass of carbon contained in CO, C02, C~ and NMHC) is estimated from the resid· 

ual mass after the mass emissions of sulphur, nitrogen and particulate carbon are sub.tracted 

from the total mass emitted and an allowance is made for the hydrogen content. 

Effect of the smoke on radiation. 

Figure 5 shows the effect of the smoke on the radiation during a horizontal run on 31 March 

1991 through the centre of the plume 700m below its top about 65km from source. The total 
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(J shortwave (0.3-3J.Lm) downwelling filL'< was reduced from its clear sky value of 800 W m-2 ouc· 

side the plume to zero in the centre, and corresponding changes were seen in the infrared and 

microwave regions. 

The single scattering albedo, wo, of the smoke was estimated in two independent ways. Firstly, 

hemispheric reflectances of the plume top were measured, using upward and downward looking 

pyranometers, to be between 5-8% over a range of solar zenith angles (25'-48'). The Ginzburg 

and Sokolik t.: method shows. that these refiectances correspond to a value of wo in the range 0:5 

to 0.55, but with an uncertainty of .±0.1 due to assumptions made about the scattering prop-

erties of oil smoke. Secondly, volume absorption coefficients were measured from filters exposed 

in the plume using the integrating sandwich technique 15 and these, when combined with the 

nephelometer scattering coefficients give values for wo in the range 0.55-0. 70( ±0.1 ). Thus the 

likely range ofw0 is 0.50--0.65 which is higher than previously published values for oil smoke~·7• 1 " 

but lower than that of 0.8-LO measured in non-carbonaceous aerosols l·l. 

The broadband optical depth of the smoke was estimated from the change in downwelling short-

wave flux as the aircraft ascended or descended through the plume. Figure 6 shows the derived 

optical depth as a function of smoke column density for three profiles through the plume top. 

Solar heating rates in. the plume were calculated from shortwave flux divergences in a profile 

at local noon on 30 March 1991, 140 km from the source. The heating rate was typically of 

the order 50 K d:- 1 throughout the depth (2300m) .of the smoke. It was nearly ~onstant in the 
.· . . . . . .. . ·. . 

plume because the smoke density increased from the top to the base. At a distance of 250km 

from the source the smoke density was a factor of four lower and the heating rates were 20 K 

d- 1• This compares with typical clear sky values of 1 K d- 1• 
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Figure 5c shows the downward hemispheric infrared ( 4-50!'m) fluxes to be greater in the centre 

of the plume relative to clear air by 45 W m-2 and the vertical downward radiance at ll.ll'm 

to be increased by 20 mW m-2 ster-1 (cm-1)-1 • These were measured by a pyrgeometer16 and 

a narrow field·ofview (1.5°.) radiometer17 respectively. The_ peak in radiance at 45 km along the 

run is probably due to cloud above and is also seen in the microwave measurements (figure 5d). 

The broadband infrared optical depth for a vertical path through the smoke was calculated in 

a shnilar manner to the visible optical depth. It was estimated to be 0.34 ± 0.05 .for the profile 

on 30 March 1991. The 11.1~ radiometer was not operated in this profile but the maximum 

vertical optical depth 'calculated from the horizontal run in figure 5c was 0.30 ± 0.02 which was 

75% of the corresponding broadband optical depth. Infrared cooiing rates in the plume were 

calculated from the flux divergences to be 2.1 K d- 1 which is 1.0 K d- 1 greater than that in 

adjacent clear air. Assuming smoke densities based on the PCASP measurements, the visible 

extinction coefficient was deduced from the optical depth to be 7-13m2g- 1 which is in broad 

agreement with other measurements of oil smoke7;18 The 11.11'm infrared absorption coefficient 

_was deduced to be 0.7-1.3m2g- 1 in_agreement withlaboratory measuremcnts19 • 

Figure 5d shows the effect the plume had on downward radiances (or brightness temperatures) 

at 89 and 157GHz measured· by a microwave radiometer. Atmospheric emission at these fre

quencies is principally controlled by water vapour and liquid water. The increase in brightness 

temperature in the plume at 157 GHz (22K) is three times the increase at 89 GHz (8K) but 

both are well correlated with the infrared radiance. This correlation was seen on several occa-

sions when there was no trace of liquid water in the plume. The microwave radiance increase 

0 

C) 

is surprisingly high and cannot be explained by variation in water vapour within the plume nor :J 
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() by the observed levels of S0 2 • Bruce et al ~u present measuremem:s oi the absorpcion coefficieni: 

of diesel soot at 94GHz which are over a.n order of magnitude too small to account for our results. 

Discussion 

Our best estimate of oil burning rate is greater tha.n those previously assumed 1•2•3 • How-

ever the greater C02 emissions that this implies represents only 3% of total annual fossil fuel 

emissions a.nd would still have a negligible effect on global climate through the greenhouse ef-

feet. The sulphur emissions calculated are considerably higher tha.n those taken by Browning 

et al. 2, a.nd although we would expect the acidity of rainfall episodes to be no higher than 

previously predicted because this is limited by droplet saturation, these episodes will extend 

further.downwind across Southern Asia. As predicted2, increased photochemical oxidant con-

centrations were observed both close to the source a.nd further afield. However the emissions of 

NOr are smaller tha.n those previously assunied2; for this reason a.nd because they are rapidly 

removed, they are unlikely to influence the global NOr background or global tropospheric ozone .. 

The estimated smoke emission rate, even with our large uncertainties, is similar to the ra.nge 

used in previous assessments 1•2•3 • Furthermore, the product of our derived visible extinction 

coefficient a.nd smoke emission rate (the factor which determines the radiative impact of the 

plume for a given meteorological situation) is independent of the uncertainties in our estimate 

of smoke density a.nd is similar to that inferred from Browning et al2• Previous assessinents2·" 

assume that the smoke did not scatter radiation; the scattering which we observed would be 

insufficient to significantly alter their conclusions.· The observed infrared effects, though pre-

viously ignored, will only very slightly ameliorate the predicted daytime surface cooling. Our 
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measurements thus confirm the assumptions used in recent asse_ssments l.::!.J and the observations 

that significant amounts of smoke were not present above 5000m bears out their predictions. 

This study provides strong support for their conclusions that, whilst there ma.y be significant 

effects on a. regional scale, those on a. global scale, including the Asian summer monsoon, are 

likely to be insignificant. 
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Figures 

1. A vertical cross section of the plume made in a descending profile on 28 March 1991,.120km 

from the source, (a)smoke density(J.Ig/m3), {b) S02(ppb~), (c) 03 {solid lin~) and NO, CJ 
(dotted line), (d) 0 3 outside the plume (solid line) and 0 3 +NO, in the plume. {dotted 

line). 

2. A horizontal cross section through the plume at 2,440mon 28 March 1991 of(a) smoke den-

sity, (b) total scattering coefficient at 0.48~as measured by an integrating nephelometer, 

(c) S02, (d) OJ (solid line), NO, {dashed line) and 03+NO, {dotted line). 

3. Horizontal run at an altitude of 4400m through the area of smoke (about 1000kln from 

Kuwait) on 29 March 1991 showing {a) OJ {b) smoke concentrations. 

4. Scanning electron micrographs of smoke particles collected on filters exposed in the plume 

on {a) 30 March 1991, 180km from the source and (b) 29 March 1991, about lOOOkm from 

the source. The filters were mounted on an extendable boom 0.4m from the aircraft skin ·,) 
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0 
and the air drawn over the filters isokinetically15 . The dark holes in che photograph are 

the pores in the filter. 

5. An illustration of the effect of the smoke on downwelling radiation during a crosswind run 

through the centre of the plume. (a) smoke density, (b) shortwave flux, (c) infrared flux, 

FLw, and 11 p;m, Ru, radiance (in tm.its ofmW m-2 ster-1 ( cm- 1 )-1 ) and (d) the zenith 

microwave brightness temperatures at 89 and 157 GHz. 

6. Broad-band shortwave optical depths of the plume from three different ascending or de-

scending profiles flown through the plume as a function of the total column density of 

smoke in the path. The profile on 29 March 1991 was further away from the source and 

lower smoke densities were encountered. 

Tables 

Table 1. Hydrocarbon analyses of 1.6 ~tre stainless steel flasks, by Gas Chromatography-Flame 

Ionisation Detection. Sample A: most polluted sample 120km from source, Sample B: typical 

polluted sample at a similar distance, Sample C: typical far field sample (1000km from source). 

Table 2. Estimates of oil well source strengths derived from observations and for comparison 

those assumed by recent assessments1.2•3 • The mass of hydrogen contained in H2S and hydro· 

carbons in the fuel has been taken into account when determining the different components of 

the emissions. 
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' able 1: 
Species Sample A Sample B Sample C 

30 March 91 30 March 91 29 March 91 
Mixing ethane Mixing ethane Mixing ethane 

Ratio Ratio -Ratio Ratio· Ratio Ratio 
(ppbv) (ppbv) (ppbv) 

ethane 25.111 1.000 5.440 1.000 1.330 1.000 
ethene 13.030 0.519 1.851 0.340 0.034 0.026 

propane 19.952 0.794 2.345 0.431 0.453 0.340 
propene 1.637 0.065 0.220 0.040 0.026 0.020 
benzene 1.057 0.042 0.215 0.040 0.044 0.033 
toluene 1.309 0.052 0.203 0.037 0.025 0.019 

n-hexane 5.052 0.201 0.409 . 0.075 0.013 0.010 

NMHC 339.6 13.53 1 45.92 8.44 1 6.266 4.n 1 

This Study Browning et a!.' Small' Bakan et a!.:J 
Component Mt yr- 1 Mt yr- 1 Mt yr- 1 Mt yr- 1 

Total Burn Rate 202.5 80 63 161 
Carbon as gas 161.2§ 60 63 

Fine Particulate Carbon 6.4t:l 5 5.8 16.1 
Sulphur 6.1* 2 

Nitrogen in Oxides 0.42t 0.5 
t Assuming the same emiuion factors for the southem and northem fires. 
• Assumins: a 1.5,. sulphur content £or the northern fields which contribute 15% overall to the emissiou. 
§ Deposits from large partially burned oil c;irop.lets n.ear the well he~ ~Y red.uce t~ total. 
t This quantity could be up to 2-3 times higher with a c:OmmWuraie reduction in carbon u· gu. 
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Ai~craft Research Instrumentation 
Electra NJC8D 

Kuwait Oil Fire Froject 
May 6, 1991 

... ,. 
,..-· (_/ .. 
\ 

RAF-Supplied Instrumentation: 

I. Airborne Data System 
A. Acquisition: ADS 
B. Display: New Spare-based System 

II. Aircraft Position, Velocity and Attitude 
A. Honeywell Inertial Navigation System 
B. Litton INS, LTN-51 
C. Loran C, Advanced Navigation Inc., ANI-''000 
D. GPS 

III. Static Pressures 

IV. Dynamic Pressures 

v. Temperatures 

VI. Dew Point and Humidity 

VII. Flow Angle Sensors, Radome 

VIII. 

A. Attack - Rosemount Model 1221FlVL Differential Pressure 
Transducer (AOIFR) 

B. Sideslip - Rosemount Model l221FlVL Dif~erantial 
Pressure Transduce:r (BDIFR) 

A. 

B. 

Cloud/Aerosol Physics 
Particle Measuring Systems Model PCASP - Window ~~unt 
Aerosol Size Distribution, 0.12 to 3.12 ~ 

Particle Measuring Systems Model FSSP-300 - Windcw 
Mount 
Aerosol Size Distribution, 0.30 to 20.0 ~ 

C. Particle Measuring Systems Model FSSP-100 - Right Pylon 
Droplet Size ~istribution, 2 to 47 ~ 

D. Particle Measuring Systems Model 260X - Left Pyle: 
Droplet Size Distribution, 40 to 600 ~ 

~- Particle Measuring Systems Model ~LWC-1 - Left Pylon 
Liquid Water Content 0 - 3 g m-l 

F. Counter Flow Virtual Impactor (CVI) - Top Front Riqht 
Mounting Plate. Droplet Composition 
(X~vTl,XC~2,XCVTT,XCVST,X~H) 



'..::. TSI Mod~l 37E0 CN C·::,.1nter - Forward Ca!::in Nount plurr..bed 
with CVI - (XCNTS,XPCN,XFCN,FCBADS,TCE.::...:S) 

IX. P~diation Fluxes 
A. Visible Radiation - RAF Modified Eppley Model PSP 

Pyranometers- 2 units: Upward looking (SWT), Downward 
looking (SWB) 

B. Infrared Radiatio~ - RAF Modified Eppley Model PIR 
Pyrageometers- 2 units: Upward looking (IRT), Downward 
looking (IRB) 

C. Ultraviolet Radia~ion - RAF Modified Eppley Model Tuv· 
Pyranometers- 2 ~nits: Upward looking (UVT), Downward 
looking (UVB) 

D. Remote Surface Te::-.perature - Barnes PRT-5, 2· units, 
Upward looking (RSTT), Downward looking (RSTB) 

X. Geometric Altitude 

XI. Air 
A. 

B. 

Chemistry 
NCAR Modified TECO.Model 49 Ozone Analyzer
(TE03, TET, TEE') 

u. of Maryland Modified TECO Model 48 Carbon Monoxide 
Analyzer - (CMOOE1 XCO) 

C. - NCAR modified TECO Model 42 Nitrogen Oxides Analyzer 
(XN0 1XNOX1XSTAT 1X02F1XNOF) 

D. TECO Model 43A Sulfur Dioxide Analyzer - (XS02) 

E. NCAR Fast Ozone (:lO) - (03FS 1 03FF 1 031!':-, 03FP, 03FN) 

F. RAF Chemical Ozone (dye) - (03CS 103CP103CT 103CF) 

G. Continuous Peroxides - (PERSA1PERSB,PERFA,PERFB,PERSTJ 

H. Speciated Peroxides - (E'EROF) 

I. Formaldehyde (XFORS,XFORF) 

XII. NAILS (Back-scatter mcde only) 

C) 



C) 

J 

XII I. Photc;-:::aphy 

Forward, Left, and Down-looking 'iideo 

User-Supplied Ir.strumentation 

I . SRI Nd: YAG Lidar ( 1 j.Llit) 

II. U. of Hawai~ Aerosol Ensemble (Tony Clarke) 

A. TSI M:del 3760 CN Counter - Forward Cabin Mount plumbed 
into separate inlet - (CNTS2) 

B. Aethelcmeter - Aerosol Elemental Carbon - Forward Cabin 
Closet - (XTHOl, XTH02) 

III. Drexel Uni7ersity (Alan Bandy) 

IV. 

v. 

Gas Chromatcgraph with flame photometric detection -
Measurements of H4S, so., OCS, and cs, -
(XDET,XDET5,XDETT,XDT10) 

NOAA/ERL/CIRES (Barry Bodhaine, Russ Schnell) 

Aerosol Nep:.elometer - Aerosol Scattering Coefficient 
(X449, XS36, X690, JQIPBG, JQIPMF, JQIPT, XNPI?) 

Aethelomete= ·- Aerosol Elemental carbon 
(XATHl,XATB2,XATH3,XFILF) 

Desert Research Institute (Jim Hudson) 

CCN Counter (XCNEX, XCNCF) 

VI. NIST (George Mulholland) 

Transmissio~ Cell Reciprocal Nephelometer (TCRN) - Aerosol 
optical scattering, extinction ana absorption at 0.5 ~ -
(XRAT, XPMTB, XIO) 

VII. NCAR/SSSF 

L2D2 Drop Sondes 

VIII.University of North Dakota 

SF-6 Analyzer (XSF6) 



• Lat tude, 1ongit~~~ ~! ~~~rtin; point 
_a::.-' • Lat tude, tcn1it~~~ ~& ~~1ing pain; 

• Alt t.ude in rr.ete.r:: 
• Alr~r~F~ h•~rling 

r~.:..t 
Hrlg 
:·ist 
~idth 
Temp 
l"DP 
iis, w"D 
lfi 

• Dis:.anee of mid-i=·::.:"l.t o= fliqh:. l~g from K'.!wait 
• Length of flight !~? 
• Temperature 
• Dew Point t~era-:·.!.:'! 
• Wind velocitY and ~ireetion 
• Not presently 1.1se=. 

•-:of"'!1,... ...... ~- ... • Maxim~ Ozone cor.=~~~=a~icn during pass 
• MaAmum SO: conce~·:ati~~ du:ing pa~s 
• Ma:cimum coun':.s rr."!a;·J:'!:i ~1' fine C~ ceunte: j•.1::i.:::; pass 

(not a concent:at~~~) 
C!IC. 3 z maximwn concentra-:~:n of particles > 0. 3 J.l=. diar.:e-:er 

F1t 1 May 1~, 1991 
Flig~t Leq Statistics 
S':a~ Stop latO · 1on0 

Temp l"DE' 

063SGt: Ci09CO 27.690 49.606 
-5.6 -2'7.8 

Q"7l8Jtj Ci2200 29.529 47. 988 
5.9 -26.5 

073100 ~'75050 29.097 48.400 
6.5 -14.3 

07573, 080810 28.066 49.900 
15.7 -18.6 

Oel2CC 092200 27.709 49.423 
l4.5 -13.6 

082SCC C~3000 27.330 48.983 
14.3 -13.9 

083llC C85020 27.116 48.745 
14.3 -19.3 

Q85l10 091510 27.740 50.186 
15.4 -11.8 

o;,:-:-0o c :13'700 27.261 48.7 66 
20.6 -15.5 

~9380~ 095800 27.944 so. 077 
19.7 -4.5 

l•:'Sl ~":' 1~·5340 25.365 49.346 
~:-~ ... Oo1 

lC5tCC 110220 25.208 49.650 
21.6 -1.9 

:.!0400 111~50 25.266 49.330 
19.3 -1.7 

l:.:900 .:.l23l0 25.855 50.197 
l7.5 -1.8 

:12800 :13240 26.231 50.444 
2S·. 6 -9.4 

lonl Palt {:n) 
liD 1'1! TE03C 

29.:150 48.0!3 5490.4 
32.' 2eo.: 0.0 66.3 

29. ns 48.214 36'76.7 
22.e 28:1.? 0.0 83.8 

2"7. 329 49.500 3991.3 
27.5 280.0 0.0 85.1 

2"! . .;99 49.318 2471.'7 
19.€ 282.3 0.0 97.9 
2"7.~23 4~.906 2773.4 
22.~ 2eo.9 o.o 89.5 

2"7 .161 48.722 . 2778.1 
21.•: 289.3 .. 0.0 77.1 

27.708 5v .173 2765.7 
2S.Z 233 .• 7 0.0 104.6 
2-.219 49.775. 2329.2 

22.- 295.9 o.o 10l.2 
2-:-. ;,o9 50.080 19n.9 

23.o 292.0 0.0 101.6 
2-.359 48.978 1515.1 

24.€ 306.2 0.0 93.6 
z~.zse 4>.500 1950.4 

2-0.:. &<:~.a. 0. 0 .. .;: . .;: 
25.303 -'9. 333 2278.4 

11.! 242.9 o.o 4>1.2 
2S."!88 SoJ.164 2340.2 

15.E 269.!. 0.0 s:..1 
26.:.:.7 50.176 2735.0 

25.4 262.3 0.0 38.5 
21!.252 5~.736 lll 7. 4 

23.l 32~.€ 0.0 85.4 

H-:ig 
S02 

312.3 
9.2 

143."'! 
7.2 

140.1 
7.5 

240.9 
39.3 

237.0 
6.3 

241.2 
6.4 

~2o3 
97.6 

253.2 
76.:! 
52.:! 

127.2 
245.5 
llO .1 
127.6 ··-284.8 

'·"' 38.~ 
8.@ 

339.5 
6.3 

'72. 4 
38.5 

Oist Width 
CN CNC.3 

4.~ 122.8 
l. 1.45 

:s . .:. 17.2 
c. 0.00 

114.5 90.5 
0. 0.00 

114.3 40.0 
0. 0.00 

llS .9 37.3 
0. o.oo 

;l.l9.1 18.1 
0. 0.00 

1S4.e 91.3 
l. 0.00 

!.17. 5 89.1 
c. 0.00 

:44.3 86.0 
c. 0.00 

:16.4 72.9 
0. 0.00 

234.1. 10.9 
•• o ..... 

228.0 19.7 
3. 0.93 

227.5 57.4 
e. 0.00 

:013.3 l4.2 
3. o.oo 

230., 17.6 
:4. 0. 60 

~· 



!"lt 3 Z.!ay 21,1991 

() Flight L'!g Sta~!.st.i::s 
Start. Stop !.a-:C len(' latl lcr:.l !=a~'! {:nJ Hdg t' i st. Width 

T~p 7DP WS wo w- :"E03C S02 CN CNC.3 

085200 095630 2i.~:l9 49.070 27.484 48. 81.0 3640.6 242.1 105.5 17.7 
7.3 -e.8 1~ •• 286.9 c.o 46.1 25.9 1400. 7.42 

094000 C35GOO 27.433' 48.837 28.111 4 3. 89C ~7~S.7 54.5 129.2 71.2 
13.3 -4.3 l4.l 276.1 o.o 63.4 35.1 13200. 26.53 

095850 101800 29.157 49.960 27.532 48.907 2429.4 240.8 106.1 71.4 
17.9 -3.0 15.2 283.9 O.al709.3 143.5 16400. 28.20 

102050 1~3700 21.~13 48.8€Z 2e.o9s 49. a 99 2130.2 52.4 130.0 69.5 
19.8 -3.5 1:.2 274.3 c.r: 65.2 60.7 14000. 12.69 

104000 1C5840 28.!.:3 43. 975 2"7.541 48.33C 1824.6 236.2 1C6 .4 69.7 
23.9 -2.2 :5.6 281.2 0.0 74.0 7'7. 9 14700. 23.61 

ll0300 111830 27.558 48.974 28.110 49.900 902.1 55.1 129.7 62.8 
27.8 -1.6 10.8 357.9 0 "· 63.3 70.9 20000. 31.29 

1i430C 121400 27.425 50.242 26.153 52.251 1805.1 118.9 305.3 138.6 
23.4 -3.l 18.9 306.3 0.0 66.2 60.8 9700. 19.73 

123400 :24'110 .z:.799 52. 96: 25.024 52.469 3033.6 216.6 353.4 51.4 
14.6 -8.6 17.3 312.9 o.nas2.5 36.5 4800. 21.50 

125400 130800 25.2CC 52.62€ 25.985 53 .u: 2595.8 22.3 354.5 51.5 
~8. 3 -10.0 17 .. 5 296.7 o.c 58.6 45.3 4900. 20.15 

:3130C 132630 25.806 52.995 23.053 .52.541 2120. 4 213.0 355. 7 49.2 
2l.6 -l.l :8.6 307.0 0. •J 65.3 70.8 810U, 19.56 

132900 :3474C :Z5.lQ7 52.557 26.009 53.l7l 90S.4 22.7 356.8 61.0 
30.9 -1.9 15.3 327.7 o.~ 5B.e 43.1 6::.00. 20.19 

,) ,_ 



=: E :-:~y "< 1991 " . ' n ·.; l": ':. :~'~ S':a':..:..stics ·:) s a·· St·~P latO 1o:-~C laf"_l lon1 Palt (m) H.~; Di.:st Width 
Temp T!>P WS WD WI TE03C soz CN CNC.3 

csz~::; ce3•J40 28.109 49.39~ is. 3!;·J 49.837 4842.5 30.8 120.9 29.4 
-1.1 -20.0 73.1 2?S.9 0.0 87.7 53.7 12~00.549.96 

0932(': 085200 28.364 49.808 21. Je~ 48.779 4317.2 255.3 109.3 ·so. s 
1.8 -8.2 73.9 324.7 o.o 83.1 7.8 6200.499' 87 

OS532~ 03llSC 27.430 48.766 28.250 49.962 4253.7 30.9 :29.9 83.8 
3.6 -15.9 73.4 239.7 0.0 89.7 49.2 19900.3='7.88 

C ?lSC·: C9:?e3o 28.247 49.828 27.48~ 48.415 3290.5 25S.l 9~. 5 94.0 
8. 7 -3.5 50.2 316.9 0.0 76.8 128.- 4630C.429.09 

C?4Cl: 100200 27.52 6 48' 417 28.332 49.849 3037.8 30.9 l2l. 9 35.9 
10.5 -2.5 67.4 3C4.0 0.0 73.2 98 .l 448CO. 568.92 

1'J03C<" l027CO 28.361 49.838 27~44G 48.480 2732.1 2SS.Z 99.9 95.1 
12.4 -3.0 65.6 333.3 o.o 72.0 69.9 31800.576.45 

:~3c:: 1Co330 27.405 48.4!;7 28. 343 4 9. 835 2738.3 30.S l2C .9 96.4 
13 '3 -2.5 54 .. 8 3·:•7.1 o.o 69.8 64.0 484CC.S82.04 

lC~€.2:· 11~600 28.361 49.888 27.99"' 49.341 2749.5 255. € 104.7 38.0 
13.3 -3.7 53.4 320.3 o.o 71.4 u.e 259'J0.578.87 

:.:272•:· ll~CCO 26.752 50.376 26.!"'5 49.764 2742.0 21o.a !96.:: 48.1 
H.l. _,_~ 6<.0 l.Zol.O o.o 79.0 1.1.e •• .::V~V 1J.~ I .;:I.~,:, 

11•:13': 12::·';20 26.201 ~9. 727 27.029 50 . .,17 2590.7 31.~ 202.1 74.1 
14.1 -4.0 62.1 :123.9 o.o 81.0 92.3ll~~~0.600.06 

12014: !2:5~0 Z7. 036 50.6S5 26.2€" so .143 3039.6 210.~ 205.5 52.6 
12.1 -0.8 33.5 108.1 o.o 72.6 s:z.o:l420U.625.87 

12l7CC 122750 26.233 50.052 26.249 49.337 3036.0 300.6 179.9 42.9 
12.1 -2.4 56.9 358.5 o.o 50.2 6.6 230C.5l5.35 

1229~:: 123400 26-289 49.349 26.244 49.758 3938.9 75.6 193.0 24.7 
5.6 -10.1 67.9 24"1.0 o.o 69.5 7.'J 2000.598.41 

l23eo:: !255CO 26.333 49.874 26.9l0 50.581 .3646.2 2ll.l !99.: 52.5 ·~ 8.8 -13.5 75.6 46.5 o.o 81.7 7.:l 2600.557.58 
1254C:. 13'<~40 26.970 50.622 26.253 50.150 3641.3 210.3 206.5 47.9 

8.8 -10.7 9.2 l9.0 o.o 76.5 22.9 7-'CC.528;S6 
1307:·: 131930 26.226 50.070 26.208 49.282 3039.9 255.5 180.5 47.3 

12;1 -2.5 63.0 197.3 o.o 64.8 6.5 32'JO. 514.45 
:320~: l3;7CO 26.248 49.301 26.2:0:-:' 50.670 2741.9 76.2 ~:ze.s 92.2 

14.8 -1.8. 46.8 321.9 0.0 69.4 27.4 7400.520.99 
13 ~IJC: 13!!40 .:lc.z:z :o.oc' z:-.z.:: :l..~i''i z-r,=.~ J.-:5C.~ JOe.~ o~.:> 

15.8 -0.2 ss.:. 309. a o.o 75.7 63 -~ 122~0.572.23 
140·'1:: 14•)400 25.395 Sl.H8 25.'S~l Sl.€36 2736.8 31.5 236.5 13.1 

15.6 0.2 65.7 ~~.7 0.03981.4 91.::. 142~0. 551·. 95 
:4l3C: l42i)30 26.109 5l.730 26 .3!4 51.327 2738.0 301.4 254.3 26.6 

15.2 -1.1 22.5 305.9 0.01721.6 46.5 l530C. 5 68. 68 



Flt 7 t-!ay 27,1991 

C] 
flight Leg St.at.:..s:i::.! 
Start Stop :.a•.O lor:0 lat:.l lo~l !'al:(m) Hdg Oist Width 

Teir.? :'DP WS Nil w: :'!:03C SC2 CN CNC.3 

' 
094850 095020 2 7. 997 49.790 27.927 49.896 5460.5 112.1 134.3 7.4 

-5.9 -u. o 61.6 358.9 o.o 26.0 8.3 15700.432.54 
035230 095530 27.8€5 4;1.977 27,898 49.822 5461.1 306.5 131.3 9.5 

-6.1 -13.3 57.4 352.8 o.o 28.4 8.3 17800.460.56 
102130 104140 27.974 49.791 28.088 48.650 54E2.9 103.4 72.7 68.7 

-5.6 -13.6 66.8 243.6 0.0 27.9 8.3 52000. 30.95 
:04300 1C5520 28.074 4~.778 28.120 49.997 5448.4 104.5 134.7 73.2 

-5.6 -13.1 77.7 215.8 0.0 23.3 8.4104300.366.31 
105820 112000 28.10'7 H.949 29.125 4S. 48 4 4867.8 282.2 65.8 87.9 

-1.6 -9.0 56.1 327.9 o.o 39.6 24.3 33000.128.68 
ll.:l:JOO 11~000 zo.~:.c 40 ... 00 ZC.120 ~0.004 4.Z~e.e ,~ ... J.Jq.:;, 'Z • • 

3.0 -4.1 64.4 2!3.6 o.o 38.2 2:.9 38400. 84.68 
114120 120300 2S.190 5~.015 28.251 48.593 3679.2 282.5 63.5 85.4 

=.5 -1.5 50.1 320.4 0.0 38.7 29.3 49700. 5.5. 4C 
120540 122130 28.239 48.546 28.232 49.835 2735 .s 105.0 123.4 77.4 

13.5 -2.4 54.1 2!3.3 o.o 39.2 20.6 42400. 74.6'7 
122400 124500 28.213 49.927 28.232 48.613 1809.6 282.8 65.1 78.9 

21.9 c.s 52.5 348.8 o.o 35.0 16.6 _49100. 49.SC 
124740 130540 28.223 48.566 28.209 49.826 913.5 95 .. 7 123.4 75.6 

28.7 _,,. 9 4o.9 199.4 o.o 28.7 7,7 51300. 21.25 
130840 131220 28.295 4?.735 28.496 49.708 6:5.4 326.3 uo. a 10.~ 

31.4 -1.7 44.2 250.7 0.0 26.6 4.5 42600. 79.96 
131330 132030 28.510 49.651 28.184 49.395 921.4 336.7 101.5 23.1 

29.9 0.9 55.3 30.6 o.o 26.6 5.4 6300. 42.74 
132300 132920 28.163 H.425 28.489 49.654 1799.4 13.5 108.0 22.0 

21.2 -l.2 50.l 300.9 0.0 29.4 14.4 42300. 61.31 
133330 133910 28.481 49.653 28.183 49.429 2727 •. 4 238.6 103.2 20.7 

') 13.5 -l. 7 57.0 311.6 o.o . 38 .. 1 36.3 58600.123.66 
134200 134850 28.l04 49.433 28.514 49.666 3643.6 12.2 108.2 25.7 

6.5 -2.6 55.7 292.5 0.0 35.6 47.0 64200.147.38 
135340 140100 28.~49 49.704 28.115 49.415 4857.6 193.5 104.5 28.8 

-2.2 ... ;.9 74.0 112.9 0.0 32.8 1!.5103800.173.86 
140200 140700 28.056 49.456 27.933 49.919 4859.3 102.9 135.3 28.5 

-2.3 -7.6 52.7 351.2 o.o 30.8 13.7 23100.199.57 
141300 142200 27.0:~1 5~.04: 27.072 50.298 2734.8 147.3 180.8 36.0 

14.4 -0.7 6l. 7 30.2 0.0 400.3 l6.7 27400.127. 40 



Flt 8 ~ay 28,1991 

Q Flight :::.eg Stat.:..sti-:.s 
~-- ,... StOF .:.a~(· lcnC latl lo::~ ?a:~("') u~- Cist Width '-'~<4-- ··-= 

Temp :'DP liS WD w- Tl!:03C SC2 CN CNC.3 

072ZCC 074300 26.651 Sl. 430 26.127 53.093 45 64. 6 107.7 3H.S 103.7 
2.2 -8.6 24.1 308.5 0.01877.1 7.4· 1500. 96.30 

0744QO 075920 26.07Z 53.148 25.087 52.543 4560 .• 3 213.~ 3S-i.6 64.6 
2.9 -10.5 27.6 3l9. 0 o.o 33.2 7.4 :3i00. 63.63 

080500 081300 25.236 52.627 25.694 53.009 4560.4 33.3 3S 7 w 4 33.8 
2.4 -9.4 18.8 312.7 0.0 33.0 7.4 4300. 42.54 

081500 082130 25.792 52.964 2.5.957 52.534 4556.6 297.~ 3.2€.5 26.1 
2.4 -9.8 20.9 31~.6 0.0 34.8 7.4 :goo. 45.08 

082900 084300 26.132 52.132 26.432 51.375 1813.7 294. a 2~ 3. 4 48 .l 
22.5 -:0.3 20.5 299.2 o.o 67.4 l4 .. .; 14300. 74.69 

084400 091800 26.434 51.317 26.250 49.292 1813.3 274.0 1"'9.6 121.9 
21.4 -2.4 22.8 295.1 0.0 74.8 21.7 3~800. 81.03 

092320 095020 26.326 49.094 27.128 50.695 1132.1 58.8 1:s.o 105.2 
23.4 -:Z.l 16.1 327 .2 O.Q 67.9 21.: 33900.114.91 

095200 10182C 27.154 50.657 26.536 49.108 18ll.1 251.; ::~. 7 98.1 
21.8 -9.0 19.5 298.8 0.0 11. a 15.0 r700.ll7.23 

102000 104210 26.485 49.136 27.098 50.680 2132.6 5a.5 l?e.2 98.2 
19.9 -12.9 21.0 306.5 c.o 7o.6 16.6 SC000.154.5l 

104400 110200 27.114 50.643 26.690 49.569 3255.7 249.2 :<;6.3 ee.3 
11.5 o.o 27.4 282.0 0.~ 63 .o 17.7 2:700.138.14 

110400 l11730 26.672 49.655 27.116 50.681 3346.4 57.3 197.7 66.C 
10.6 -7.4 23.8 307.7 0.0 54.0 6.3 ll~OO .136. 46 

112100 115400 27.112 50.565 26.23l 48.484 3961.6 250.1 lH.2 133.5 
6.3 -7.7 26.0 302.0 o.o 34.5 6.9 :sao .141. 62 

1222~0 123700 26.396 49.232 26.234 50.343 1841.1 95.0 ~l·L8 67.2 
22.6 0.7 16.2 318.4 0.0 52.8 5.2 3900.156.96 

/-) 
,_ 



~ 9 May 29,1991 

() ' ight Leg St.at.isti-:.s 
~~art St~p la<:. (' lcnC 1at1 lcr.l ?al': (m) Hdg Dist Width 

Ter.:s: !'tiEl ws ;;'£) w: 4!:03C SC2 CN CNC.3 

:goooo 082300 26.852 50.<42 27.993 4~.399 42!;2.1 323.7 107.5 78.8 - , 
~·- -23.4 22.4 282.9 c .. c 36.2 4.2 25000. 15. 8l 

~83200 083900 27. 92'7 49.489 28.228 49.92'7 36'79.4 33.3 123.0 25. a 
9.7 -13.4 18.0 288.5 0.0 29.7 4.2 72400. 15.51 

084100 085910 23.233 49.872 27.680 48.789 3650.9 243.8 95.6 71.4 
9.1 -26.6 29.2 279:6 0.0 29.5 4.2 84600. 20.96 

0 ?0500 092400 27.6'2 48.811 28.223 49.830 474.2 53.8 123.3 67.7 
24.3 l.S 18.2 340.9 0.0 44.6 14.9 76500. 44.92 

('93100 095100 28.228 49. 322 27. €77 48.7€5 2122.4 246.€ 95.0 75.3 
lS.: -3.2 23.8 296.4 c.c 61.5 S3.2 S3EOO. 82.42 

·:·?5600 100800 27,648 48.727 28.036 49.363 465.3 45.3 104.5 43.3 
24.4 0 .. 7 16.1 345.0 0.0 53.1 24.5 39800. 32.37 

1':10900 101700 28.074 49.366 28.385 49.070 459.3 336.€ 79.3 24.1 
25.2 c.c 15.0 6.2 0.0 38.8 5.0 9000. 13.06 

:01800 102430 28. 419 49.:03 28.584 49.473 4'70,0 53.8 96.0 23.8 
25.2 0.0 15.2 341.9 0.0 36.5 4.! l68CO. 9.28 

1n1oo 104300 28;599 49.517 28.301 4e.S3l 472.1 255.1 59.2 61.2 
28.5 -2.2 16.9 335.8 c.o 41.3 20.1 44300. 27.02 

:c~63C ll~llO 28.268 48.535 28.592 4S.<:S2 1051.8 59.7 96.4 59.4 
25.2 -11.(\ 18.1. 325.4 0.0 58.2 48.: 6'7200. 70.65 

llOSOO 112440 28.588 49.500 28 .l38 48.310 2121.9 249.4 58.0 74.4 
:a. 5 -2.8 20.5 297.1 0.0 56.8 50.2 74200. 85.57 

llz"730 124300 28.183 48.296 28.5 99 49.481 2586.1 63.6 96.2 74.4 
15.2 -2.4 22.3 295.6 0.01194.6 28.: 48500. 58.26 

114600 120540 28.625 49.557 28.223 48.3€9 3040.6 253.~ 58.1 74.2 
:2.3 -3.0 22.1 284.3 0.0 29.3 4.1 20000. 37.29 

) 
:20840 122310 28.227 48.332 28.60 6 49.525 3651.4 65.3 98.6 74.3 

8.4 -u.s 21.6 288.9 0.0 30.5 4.9 7500. 45.81 
' 122500 125420 2e. 640 49.495 28.195 48.244 U.52.6 255.2 5s·. 9 78.7 

<3. 6 -3 .! 30.8 334.4 0.0 54.4 49.0 68200. 48.56 
iZ5700 131200 28.168 48.200 28.426 49.08C 512.6 68.0 78.6 54.5 

29.0 -4.7 17 .s 344.C 0.0 44.6 24.3 38700. 37.42 
:31800 132800 28.148 49.318 27.906 H.844 511.9 85.3 135.1 36.4 

2~.8 -9.E 22.9 341.3 0.0 43.1 . 4 .1 :.5300 • 6.67 
:::3420 135200 27.728 5C.283 26.555 sc. 673 1~77,7 158.1 216 .~ 67.2 

2E.S -0.4 20.7 321.0 c.c 55.3 23.4 25400. 35.42 



-·. ,._ lG May 30,1991 
::.:..gh':. L~g Stati~tics 

0 Sta:t. Stop latO lcnO lat l lcnl ?a::..t {m) Hdg :~s:. Wid!.~ 

:emp TDP WS WD WI T::03': S02 CN CNC,3 

045500 050400 26.895 50.203 27.318 49.890 3035.8 322.0 153.5 29.3 
13.6 -7.0 21.3 2$5.5 ILC 45.3 6.4 29C•O. 43. 64 

050900 054800 27.540 49.723 29.250 47.943 382~.6 310.4 2.3 139.3 
5.2 -11.3 21.4 266.6 0.0 80.9 7.1 3800. 60.29 

060600 061400 29.6H 48.012 28.799 48.516 1C9l.O 63.7 39.6 31 . .5 
z~.;, -., ... J.7.a .:144.4 v.v ~~.b 747.5119700.248.33 

061700 062700 28.805 48.580 28.608 47.933 1381.2 259.0 32. 7 . 40.2 
23.3 -3.1 16.7 331.0 o.c 68.3 SC8.2ll7l00.264.10 

062940 06423C 28.581 47.899 28.893 48.735 :681.0 62.8 49.9 53.9 
20.2 -8.1 15.1 317.8 0.0 70.9 237.011'400.235.54 

06452C 065900 29.904 48.808 28.619 4'. n2 727.9 294.7 32.2 54.7 
27.6 -3.2 20.8 350.9 0.0 75.9 312.9116500.158.17 

07020C 071400 i8.619 ¢7.966 28.86~4~.€93 548.0 62.2 47.0 45.5 
:e.o ~ ' ~.4 lO.Z ;~..;.4.;'1 c.c G7.7 lOC.3ll0lOO.ll~.Je 

071900 07215C 28.865 48. 755 28.823 48.580 1966.4 259.8 42.0 10.7 
20.0 -11.4 14.2 303.4 0.0 '78.3 5.5 2000. 29.6"7 

074400 075100 28.396 48.159 28.089 48.538 2535.3 136.3 69.1 27.9 
16.2 -5.6 1.5. 4 302.4 0.0 77.0 137.3 5'77CO. 90.18 

075730 08080Q 28.111 48.837 27.779 48.2~7 1987.4 242.3 78.2 41.7 
1a.1 -7.2 17.1 344.6 o.c 82.5 319.7 92800.147.43 

08ll00 082540 27.749 48.149 28.264 49. c 64 22'73.1 51.7 82.8 61.3 
17.5 -3.9 16.6 303.1 0.0 81.8 134.5 54000. 92.19 

082900 084800 28.304 49.108 27.702 47.987 1093 .o 247.5 81.1 74.4 
25.9 -2.9 14.5 337.9 0.0 70.6 150.9 71300. 92.51 

085100 09140C 27.661 47.924 28.319 49.308" 1381.9 59.2 93.2 90.0 
23.4 -8.9 15.8 332.6 0.0 72.9 180.2 80900.111.40 

092300 093600 28.217 49.123 27.853 48.311 ~792.0 244.3 75.7 52.4 
7.8 -21.0 17.1 269.5 0.0 71.1 7.0 2300. 91.03 ~ 093900 100440 27.687 48.380 27.383 50.302 4096.9 69.7 170.7 116.5 
6.4 -24.4 24.7 299.9 0.0 65.3 7.3 2300. 50.23 

100900 10453C 27.286 50.183 27.276 50.269 2280.8 79.8 l72 .s 5.2 
22.7 -4.1 16.6 289.3 0.0 86.4 89.1 26100. 82.33 

105240 105900 26.824 50.468 26.418 SO. 6CC 8C6.2 162.7 218.2 23.2 
28.1 -5.9 16.1 348.7 0.0 57.5 4.8 24CC. 52.60 



Flt 1 t-!a~· 31, 19?1 

C) F"lig~ ::..eg Sta':..:..s-:.i~s 

S':a= Stvp ~.::~':.0 1 .... - ..... :.."'r 1 }:""""1 Fa lt \!r.) Hdg C'ist Wi·1~ ~ 

T~rr.p ':DP ;;:; Wl"· w~ ':E03C soz Cll CN:.3 

C459CO 051400 o.ooc C.Oi10 C. OC,~: 0.000 364l. 7 339.73370.7 o.c 
8.6 -8~5 13C .l 339.8 c.o 60.6 6.9 1700. 46.65 

051700 05-!33C 0.000 Q,QQO o.oon 0.000 37?6.9 349.63370,7 :).:) 

7.6 ~14.7 131.4 34~.8 0.0 62. 6 7,1 2600. 96.36 
054500 055600 0.000 c.ooo c.ooo 0.000 3802.5 345.43370.7 o.c 

7.5 -17.9 132.6 3~5.6 0.0 56.5 7.1 34100. 45.64 
055800 060900 0.000 0.000 ~ ,I)Q", 0.000 379?.2 344.73370.7 0.0 

7.6 -14.5 l28.S 344.9 0.0 62.3 7,1 17900. 5"'!.60 
C-62800 063500 27.556 48.63-: 27' 113 .;8.545 2585.3 205.1 llS, 0 24.3 

17.5 -3.0 13.3 2~8.5 0.0 63.! 7.5 8800. 66.33 
063600 064400 27.094 48.502 27. 2€4 47.999 2588.3 290.5 !04.8 31.6 

16.2 -4.6 12,, 252.8 o.o 70.1 75.7 40800. ~3.69 

0 64530 065800 27.227 47.?11) 2~.112 '8. 7 96 2589.~ 137.0 140.4 -· ? ~ ...... 
18.2 -2.6 15.4 22€.9 0.0 72.: 68.8 11400. 83.51 

C65940 070950 26.785 48.859 2"'.172 4~.338 2582.5 299.0 :u. 9 37.4 
17.2 -3.8 15.1 2'57.4 o.c 72.0 53.9 34600. 71.62 

Q/1100 072309 27.135 48.282 26.431 47.873 2583.0 211.2 150.1 H.8 
18.2 -3.7 11.:? 277.5 0.0 75.1 129.6 n:.lCC. 85.07 

C72~CC 073·540 26.408 47.9·:·9 2~ .~0':• 48.384 2273.5 33.7 1.21.6 42.0 
20.6 -3.1 13.5 31 7 .6 o.c 80'.2 131.2 21000. 99.45 

073730 074900 26.963 48.440 26.30: .;8.038 227.9 .. 6 212.5 157.5 4;.o 
19.9 -2.9 10.: 276.6 o.o 7'7.2 79.7 16900. 87.87 

075030 080720 26.277 48.091 27.272 48. 602 2617.8 17.5 1!0.9 61.3 
17.5 -3.5 17.4 294.3 0.0 82.3 106.0 25500. 85.56 

080830 082000 27.285 48.560 26.62oi 48.161. 2883.3 213.2 140.1 42.7 
15.7 -4.0 13.2 294.9 o.o 75.1 70.8 23400. 70.22 

082200 083420 26.573 48.208 27.315 48.632 3202.8 22,9 !09. 3 ~7.1 
12.5 -5.3 14.8 298.7 o.o 76.1 50.6 16400. 86.74 

083600 085630 27.341 48.594 25.979 48.205 3495.4 202.4 175.8 77,1 
11.3 -9.4 17.5 296.1 o.o 65.6 36.6 14100. 91.40 

csseco 092200 25.963 48.273 27.287 49.859 1669.5 33.8 ll6.2 '78.9 
22.8 -4.0 12.7 18.7 0.0 62.3 9.7 5400. 73.75 
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Contact: Joan Vandiver Frisch 
Manager, NCAR Media Relations 
(303) 497-8607 

For release: June 24, 1991, P.M. 

NCAR Scientists Release Preliminary Results from Kuwait Oil Fires Study 

BOULDER, CO-Two research aircraft, one from the National Center tor Atmospheric 

Research (NCAR) and one from the University of Washington, as well as a team of scientists from 

NCAR and other institutiOns have just returned from a month-long study of smoke plumes 

blackening the skies over the burning Kuwaiti oil fields. Lawrence Radke, co-project leader from 

NCAR, along with Peter Hobbs of the University of Washington, said the scientists studied ttia 

smoke because of effects on clouds, preciptation processes, radiation, and atmospheric 

chemistry and because· this unprecedented air pollution event, by Its very magnitude, can provide 

insights into controversies over atmospheric responses which could be caused by mora subtle 

pollution sources. 

The potential tor environmental havoc, regional weather modification (especially in 

reference to the Indian monsoon and precipitation processes), and poisonous clouds and rains 

have all received considerable attention. The purpose of this on-site project was to provide the 

quantltative detail to either support or refute these speculations. Some preliminary results are 

.now becoming available. 

FOr' exa!TII*I. according to Radke, tor catastrophic environmental ettacts to occur, the · 

smoke had to tulli8 several conditions: it had to be vary black, not absorb water, and loft itself Into 

the stratosphere. The smoke turned out to be only hal as black as pradictld, with Individual wells-

producing Smokes ranging from white to black. 

-more-



Also the smoke proved to be hydroscopic, rather than hydrophobic, as predicted. Thus 0 
the smoke will interact with clouds and precipitation and thereby be comparatively quickly 

removed from the atmosphere. 

Self-lofting held up no better than the first two conditions. Although the smoke became 

more buoyant in the midday heat. rising higher into the atmosphere, these very dynamics diluted 

the plumes and urtimately hatted the self-lofting. The highest altitude at which the smoke was 

observed was 18,000 feet (5,500 meters) after two days in the air. No further significant rise was 

expected because of the then diluted nature of the smoke cloud. If the particles had reached the 

stratosphere, where they could remain tor months, they could have damaged the environment 

much more than they would in the troposphere, where they are removed within days. 

Another important concern was the effect of smoke on regional precipitation. 

Theoretically, injecting cloud-active aerosols into clouds would decrease rainfall by spreading the 

cloud moisture among a larger number of cloud condensation nuclei, tiTus producing a greater 

number of droplets too small to taU out as rain. In reality, the aerosols vary greatly in size, so the 

larger smoke particles may facilitate precipitation formation. Another hypothesis suggests that the 

injection of black carbon particles into wMe clouds would increase rainfall by causing tlie clouds to 

absorb (rather than reflect) a significant amount of solar radiation. The warmer clouds would rise to 

higher, cooler altitudes, where condensation and rainfall would be enhanced. In addition, this 

change in cloud reflectivity, if large-scale, could ultimately affect the earth's radiation balance by 

increasing surface temperature. Because there were few clouds in the Kuwaiti sky during May 

(the team encountered only one region of altocurrulus, and the data from this encounter are 

awaiting analysis), these questions have not yet been answered. 

The scientists also searched tor the poisonous hydrogen sulflcle gas and the main acid 

rain constituent, sulfur dioxide. Evidently, because the hydlogen sulfide was burned quickly by 

the fires and readily oxidized to surur dioxide, it was not a ttnat. As for acid rain, the fiiH 

produced approximately 65 pounds (30 kilograms) of sulfur d~xlde per second, an amount 

equivalent to ~12 power plants or one recently erupted volcano. "AlthOugh a big source: says ~ 

-more-



() 
Radke, ~rts effects would be local and moderate," somewhat increasing acid rain downwind of the 

plume. 

But, he adds, "We're certainly going to have some regional weather modification near the 

fires. • For example, the Kuwaiti ground is gradually getting blaCker from incompletely burned oil 

and carbon falling out of the atmosphere. This will change the local reflectivity, since the desert is 

originally rather bright but oil on the surtace will cause it to be less so. 

Radke describes the smoke and the difficulty of comprehending the plume·s scale: 

"When we flew over it in the plane, the black plume stretched from horizon to horizon, covering 

thousands of square miles. Inside of the plume at 3,000 feet (about 900 meters) attitude and 20 

miles (about 30 kilometers) downwind of the fire, all sunlight was gone; it was completely dark in 

the airplane. But when we looked at satellite pictures, we saw that the plume is. very small 

globally." 

In Kuwait, the research team found some surprises: models of the smoke P.lume 

dynamics were inaccurate, the importance of the effects of blowing sand on the plume hadn1 

been accounted tor, and the plumes were affected by unexPected wave activity created by 

complicated small-scale airflow patterns. 

Using multiple-wavelength lidars aboard NCAR's Electra to measure moleaJiar and particle 

scattering, observers could detect both the sensitivity and distribution of smoke within the 

plumes. They obtained strong circumstantial evidence that the particles grew in size more rapidly 

than expected as the plume dispersed· and aged •. 

To get an overview of the gas phase spacies emitted from the fires, chemists on the 
·~.1 

project measured emission fiuxes and their photochemical reactivity. According to NCAR Chemist 

Gregory Kok, they found the photochemical reactivity (measured in terms ot excess ozone) was 

20 to 30 parts per billion (ppb), compared to over 100 ppb in Los Angeles on a sunny day. 

Says Radke, "These fires provide an exaggerated example of air pollution. There's never 

been this much oil bumed in such a primitive fashion over such a long period." 

-End· 

Writer: Anatta, NCAR Media Relations 
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Measurements of Formaldehyde and Hydroperoxldes In the 
Kuwait Oil Fire Plume 

G L Kok, W T Luke, and R D Schillawski (Research Aviation 
Facility, National Center for Atmospheric Research", Post 
Office Box 3000, Boulder, CO 80307-3000; 303-497-1070) 

As part of the airborne measurements in the Kuwait oil fire 
smoke plumes, analysis for formaldehyde (HCHO) and 
hydroperoxides (Hp2 and ROOH) were conducted. The HCHO 
measurements were made using a continuous wei chemical 
technique based on the Hantzsch reaction. The continuous dual
enzyme technique was used to determine H20 2 and a lower limit 
on the organic hydroperoxides. HCHO concentrations were 
typically 5-10 ppbv at 80 nm downwind. At the head of the 
plume from the southern field, the HCHO concentration was in 
excess of 50 ppbv. On some flights, a close correlation between 
S02 and HCHO was observed. No significant changes in the 
concentrations of hydroperoxides were observed. Increases of 
HP2 from 1-2 ppbv were observed within the plume. 

"The National Center for Atmospheric Research is sponsored by 
the National Science Foundation 

1. 1991 Fall Meeting 



Some Dynamical Influences on the Smoke Plumes from the Oil Fires 
of Kuwait 

W A Cooper, L F Radke, and D H Lenschow (Research Aviation Facility, 
National Center for Atmospheric Research', Post Office Box 3000, 
Boulder, CO 80307-3000; 303-497-1038; OMNET: NCAR.RAF) 
(sponsor: P V Hobbs) 

When the smoke plumes from the oil fires of Kuwait moved along the 
coast of Saudi Arabia, complicated interactions O~=CUrred involving the 
redistribution of absorbed energy by the smoke, land-sea-breeze 
circulations, and the regional mesoscale airflow. An instrumented 
research aircraft was used to observe the air motions and radiation fields 
within and near the smoke plumes during May and June 1991. 

During these flights, a common observation was strong horizontal 
convergence of the wind field into the plume, even at low levels where a 
cooler outflow might have been expected. Absorption of solar energy at 
the top of the smoke layer, and shielding of lower layers, Jed to 
differential heating and hence to local circulation patterns. However, the 
strong static stability of the atmosphere limited the effects of the changes 
in buoyancy, and hence limited the degree to which the smoke rose in the 
atmosphere in response to solar heating. 

In addition, the large (100 km) widths of the smoke plumes permitted 
unusually good characterization of the turbulent wind fluctuations 
responsible for spreading of the smoke. Examples of measured variance 
spectra and deduced characteristic time scales for the turbulent air motions 
will be presented. These are used to relate the observed plume 
dimensions to predictions of simple models of turbulent diffusion. 

'The National Center for Atmospheric Research is sponsored by the 
National Science Foundation 

1. 1991 Fall Meeting 
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Ozone and Sulfur Dioxide Measurements in the Kuwait Oil 
Fire Plume 

R D Schillawski, G L Kok, and W T Luke (Research Aviation 
Facility, National Center for Atmospheric Research', Post 
Office Box 3000, Boulder, CO 80307-3000; 303-497-1042) 

In-plume and background measurements of ozone (0~ and sulfur 
dioxide (SO:J were made during May and early June of 1991 
from the NCAR Electra. Three different techniques were used 
for 0 3 measurements, ultraviolet absorption, nitric oxide 
chemiluminescence, and Rhodamine 6G dye chemiluminescence. 
so2 levels were made using the pulsed florescence technique. 
This presentation will compare the performance of the 0 3 

instruments, show the results of the 0 3 and S02 measurements, 
and discuss these results as compared with those of other species, 
or made by other investigators. 

'The National Center for Atmospheric Research is sponsored by 
the National Science Foundation 

1. 1991 Fall Meeting 



Reactive Trace Gas Measurements and Photochemistry in the 
Kuwait Oil Fire Smoke Plume 

W T Luke, G L Kok, and R D Schillawski (Research Aviation 
Facility, National Center for Atmospheric Research", Post 
Office Box 3000, Boulder, CO 80307-3000; 303-497-1018) 

A variety of reactive trace gases (03, CO, NO, NOy, SO:z) were 
measured from the NCA.~ Electra both inside and outside the 
Kuwait oil fire smoke plume in May and June, 1991. At a range 
of 80 km from the fires, NOy concentrations varied from less 
than 0.5 ppbv outside the plume to almost 70 ppbv at an altitude 
of 1100 m; nitric oxide (NO) typically comprised only 5-10% of 
total NOy inside the plume. Sulfur dioxide levels reached a 
maximum of over 700 ppbv, while CO peaked at over 500 ppbv 
at the same location. Close to the fires, high NOx and low UV 
levels allowed a significant fraction of the ambient ozone to be 
titrated. At a distance of 160 km downwind, however, net 
photochemical ozone production was observed, and averaged less 
than 2 ppbv per hour throughout the plume. The trace gas data 
will be discussed in terms of regional photochemistry and 
emission budgets, and will be used to infer combustion 
characteristics at the blazing well heads. 

• The National Center for Atmospheric Research is sponsored by 
the National Science Foundation 

1. 1991 Fall Meeting 



A Review of the· United States Interagen<:y Airborne Study or the 
Smokes Ftom the 1991 Kuwait Oil Fires 

L F Radke (Research Aviation Facility, National Center for Atmospheric 
Research', Post Office Box 3000, Boulder, CO 80307-3000; 303-497-
1032) 

P V Hobbs (Atmospheric Sciences Department, AK-40, University of 
Washington, Seattle, WA 98195; 206-543-6027; OMNET: P.HOBBS) 

As the Iraqi army fled Kuwait in March 1991, they damaged or destroyed 
749 oil wells, most of which were ignited. The resulting fires produced 
an extraordinary large plume of black smoke that had both local and 
regional effects on the Gulf States and the potential for global effects. 

As part of the interagency United States effort (coordinated by the 
National Science Foundation) to assess the impacts of the rues on the 
atmosphere, the University of Washington (UW) and the National Center 
for Atmospheric Research (NCAR) mounted an airborne study of the 
smoke from the Kuwait fires utilizing the UW Convair and the NCAR 
Electra research aircraft. 

During the period 16 May through 12 June 1991, some 200 research 
flying hours were flown to study the smoke form the Kuwait oil fires. 
The primary goals of the studies were to determine the chemical and 
physical nalUre and the radiative properties of the smoke, the fluxes of 
various materials in the smoke, and the potential effecl'l of the smoke on 
weather, climate and air quality. 

The key result of our preliminary analysis is that predictions of very large 
scale, even global scale climate modification are not supported. These 
predictions had been predicated on an optically very dark smoke being 
solar self-lofted to the tropopause where cloud and precipitation 
scavenging would be minimized by both elevation and expected particle 
hy~ophobicity. This would lead to a long atmospheric residence time for 
the smoke particles. To the contrary, we found the smokes to be · 
substantially "whiter• than expected (single scattering albedo at visible 
wavelengths -{).6). While solar heating of the smolcea introduced 
interesting dynamics in the plume, self-lofting was found to have limited 
effectiveness (the smoke plume top was never observed above 6 km after 
travel times of up to two days). Finally because of water soluble saiL'! in 
the fuel and oxidation of S02 to sulfate, the smoke particles were 
hygroscopic rather than hydrophobic and thus have a rather limited 
tropospheric residence time. 

'The National Center for Atmopsberic Reseracb is sponsored by the 
Natinoal Science Foundation 

1. Ocean Sciences Meeting 



' i 
I 
' 

1 

Solar Heating of the Kuwaiti Oil Fire Plume and Induced Self-Lolling 
and Dynamics 

L F Radke, D Baumgardner, R L Schwiesow and W A Cooper (Research 
Aviation Facility, National Center for Atmospheric Research', Post 
Office Box 3000, Boulder, CO 80307-3000; 303-497-1032) 

The optically black smoke plume from the hundreds of burning oil wells 
in Kuwait was initially forecast to have a potentially significant regional 
and global climatic effect by virtue of the smoke's expected optical 
properties and long atmospheric residence times. An important factor in 
long residence times is the mechanism of solar self-lofting, where much 
of the smoke would rise high in the troposphere and perhaps into the 
lower stratosphere and thus largely escape cloud and precipitation 
scavenging. The role of solar self-lofting of the soot particles, whereby 
optically black particles absorb solar radiation, heat the surrounding air 
and through increased buoyancy rise to high altitudes was strongly 
supported by recent large-scale test ftres of aviation fuel (JP-4) which 
produces a dense, dark, smoke (visible wavelength single scattering albedo 
of -0.3). Airborne observations showed that the JP-4 smoke plume rose 
through a strong planetary boundary layer capping inversion in a few 
hours. However, both direct sampling and visual observations together 
with multi-wavelength lidar observations (0.5, 1, and 10 pm) from the 
NCAR Electra, showed that while the Kuwaiti plume was significantly 
modified by solar heating, self-lofting was comparatively ineffective in 
transporting the soot particles to higher altitudes. The maximum altitude 
where particle concentrations appeared above the normal background 
levels never exceeded about 6 km. However, self-lofting in the form of 
small convective elements within the larger plume were frequently 
observed by lidar. 

The reasons for this limited role for self-lofting is evidently due to a 
combination of a much "whiter" thaD expected smoke plume (single 
scattering albedo -0.6), a comparatively stable atmosphere and rather 
rapid dilution of the smokea. This latter effect was causCd by both strong 
winds and solar Induced plume dynamics. Plume dynamical effects were 
observed on a vuicty of scales including strong low level convergence 
along the length of the smoke plume. 

'The National Center for Atmospheric Research is sponsored by the 
National Science Foundation 

1. 1991 Fall Meeting 
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FLT 1491 (SOUTH FIELD SOURCE STUDY) 
EMISSION FACTORS (in g C/kg) 
University of Washington 

Fuel Carbon Fraction (Cf) = 0.85 

u 0 

=========================================================================================================: 
Sample Time Particle* Soot TOC(a)** co C02 CH4 TOC(v) S02* Comments 

========================================================================================================: 
0536 12.1 3.3 4.4 5.2 827.8 1.2 8.1 33.8 6.5 K ft CS sample*** 
0549 15.0 3.5 5.7 6.0 818.4 1.8 14.5 31.8 5.5 K ft CS sample 
0604 20.5 4.3 8.1 7.2 809.5 2.1 18.8 36.8 4.5 K ft CS sample 
0616 25.2 5.7 9.7 7.9 791.5 3.4 31.7 35.3 3.5 K ft CS sample 
0629 29.2 5.6 11.8 7.7 791.2 3.1 30.6 29.7 2.5 K ft CS sample 

0717 42.2 9.5 16.3 5.5 816.0 0.7 1.9 69.0 Minagish pool fire sample 
0757 51.5 16.5 17.5 9.5 802.0 1.8 2.8 31.7 Magwa pool fire sample 

========================================================================================================= 
CS Average: 
CS Std Dev: 

20.4 
7.0 

4.5 
1.1 

* Particle and S02 emission factors in g/kg 

7.9 
3.0 

** TOC(a) =Total organic carbon in aerosol 
Estimated as (Particle mass cone. - Soot conc.)/2 

6.8 
1.2 

*** CS = Cross section of Magwa/Burgan aggregate plume 

807.7 
16.2 

2.3 
0.9 

20.8 
10.2 

33.5 
2.8 





u 

FLT 1491 (SOUTH FIELD SOURCE STUDY) 
CARBON BUDGET DATA 
University of Washington 

( ' 

0 

RESULTS FOR MINAGISH AND MAGWA POOL FIRE SAMPLES 

All concentrations in ug C/m3 
Values in parentheses are percent of total carbon 

=============:======================================================================== 
Sample Time Soot TOC(a)* CO-C C02-C CH4-C TOC(v) Total C 

===================================================================================== 
0717 181.4 311.3 105.5 15535.7 12.9 37.0 16183.8 

(Minagish) (1.1) (1.9) (0.7) (96.0) (0.1) (0.2) 

0757 165.4 175.3 94.8 8035.7 17.7 28.0 8516.9 
(Magwa) (1.9) (2.1) (1.1) (94.4) (0.2) (0.3) 

===================================================================================== 

* TOC(a) =Total organic carbon in aerosol 

0 
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FLT 1491 (SOUTH FIELD SOURCE STUDY) 
CARBON BUDGET DATA 
University of Washington 

u 

RESULTS FOR MAGW A/BURGAN AGGREGATE PLUME CROSS SECTION STUDY 

All concentrations in ug C/m3 
Values in parentheses are percent of total carbon 

====================================================================================== 
Sample Time Soot TOC(a)* CO-C C02-C CH4-C TOC(v) Total C 

=============:======================================================================== 
0536 63.6 85.2 101.3 I6071.4 23.0 158.0 16502.5 

(0.4) (0.5) (0.6) (97.4) (0.1) (1.0) 

0549 80.3 131.4 137.1 18750.0 41.8 333.0 19473.6 
(0.4) (0.7) (0.7) (96.3) (0.2) (1.7) 

0604 94.3 176.4 157.0 17678.6 46.6 411.0 18563.8 
(0.5) (1.0) (0.8) (95.2) (0.3) (2.2) 

0616 358.2 612.9 498.8 49821.4 213.2 1996.0 53500.5 
(0.7) (l.l) (0.9) (93.1) (0.4) (3.7) 

0629 309.1 645.0 424.3 43392.9 171.4 1677.0 46619.6 
(0.7) (1.4) (0.9) (93.1) (0.4) (3.6) 

===================================================================================== 

Avg% of 
Total C: 

Std Dev: 

0.5 

0.2 

0.9 

0.4 

* TOC(a) =Total organic carbon in aerosol 

0.8 

0.1 

95.0 

1.9 

0.3 

0.1 

2.4 

1.2 

0 
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FLT 1488 (NORTH FIELD SOURCE STUDY) 
EMISSION FACTORS (in g C/k:g) 
University of Washington 

Fuel Carbon Fraction (Cf) = 0,85 

' u 0 

=============================================================================================================== 
Sample Time Particle* Soot TOC(a)** co C02 CH4 TOC(v) S02* Comments 

=============================================================================================================== 
0413 
0445 

0524 
0620 

33.3 
25.8 

15.2 
20.1 

8.5 
0.9 

3.1 
2.8 

12.4 
12.4 

6.1 
8.7 

4.9 
3.2 

18.5 
4.8 

820.5 
830.4 

786.6 
824.2 

0.6 
0.3 

4.7 
0.9 

3.1 
2.7 

31.0 
8.7 

31.2 
24.1 

18.9 
17.2 

Black plume sample 
White plume sample 

3 K ft CS sample*** 
2 K ft CS sample 

=============================================================================================================== 
CS Average: 
CS Std Dev: 

17.7 
3.5 

2.9 
0.2 

* Particle and S02 emission factors in g!kg 

** TOC(a) =Total organic carbon in aerosol 
Estimated as (Particle mass cone. - Soot conc.)/2 

*** CS = Cross section of North field plume 

7.4 
1.8 

11.6 
9.7 

805.4 
26.6 

2.8 
2.7 

19.8 
15.8 

18.0 
1.2 
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FLT 1488 (NORTH FIELD SOURCE STUDY) 
CARBON BUDGET DATA 
University of Washington 

I--,, 

u 

RESULTS FOR BLACK AND WHITE INDIVIDUAL PLUME SAMPLES 

All concentrations in ug C/m3 
Values in parentheses are percent of total carbon 

=============:======================================================================== 
Sample Time Soot TOC(a)* CO-C C02-C CH4-C TOC(v) Total C 

===================================================================================== 
0413 172.1 250.4 99.6 16607.1 11.3 63.0 17203.6 

(Black plume) (1.0) (1.5) (0.6) (96.5) (0.1) (0.4) 

0445 39.8 537.6 137.1 35892.9 14.5 118.0 36739.9 
(White plume) (0.1) (1.5) (0.4) (97.7) (0.04) (0.3) 

===================================================================================== 

* TOC(a) =Total organic carbon in aerosol 

u 
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FLT 1488 (NORTH FIELD SOURCE STUDY) 
CARBON BUDGET DATA 
University of Washington 

(--,\ 

\._) 

RESULTS FOR NORTH FIELD PLUME CROSS SECTION STUDY 

All concentrations in ug C!m3 
Values in parentheses are percent of total carbon 

====================================================================================== 
Sample Time Soot TOC(a)* CO-C C02-C CH4-C TOC(v) TotalC 

===================================================================================== 
0524 

0620 

16.8 
(0.4) 

19.9 
(0.3) 

33.1 
(0.7) 

62.0 
(1.0) 

100.7 
(2.2) 

34.3 
(0.6) 

4285.7 
(92.5) 

5892.9 
(97.0) 

25.7 
(0.6) 

6.4 
(0.1) 

169.0 
(3.6) 

62.0 
(1.0) 

4631.0 

6077.5 

===================================================================================== 
Avg %of 
Total C: 

Std Dev: 

0.4 

0.1 

0.9 

0.2 

* TOC(a) =Total organic carbon in aerosol 

1.4 

1.1 

94.8 

3.2 

0.4 

0.4 

2.3 

1.8 

0 
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ICUUA IT " SliiiKEit 1991 Unt vers it:y af ~.ii..SI•in~tt.on CA<INISTER SMIPLiiS (I'AI<TL'lL Ri:SUI.T!i) 

s....,ae can llate Tia~ Altitude Coaacnts .... _ S/tl ft . 

Flight l•H 
1 ..-: 16-Ha.y-91 724 1~,500 Cl~ar (•&ctground 

s&~~ple 

2 ll<""S 16-Ha.y-91 823 10, S(o() Jlaze, :op of s.oke layer 
ov<i!r IKMw•t t 

FUI)>t: lloB .. 
3 ltP5 22-Hay-91 1032 S,OOO Ha~e. s~ over Kuuait 

4 RF6 22-May-91 1053 4,700 ~~z~. s~ke over Arabian 
gulf. 

~ RF'll 22-Ma)·-91 1124 4,000 C}ear, background sa•ple 

Flight 1481 
6 RF14 27-May-91 703 8,000 Haze; phoe sample at 

aoco ft. 

112 co co Cll4 
ppbv ppbv ppbv ppl>v 

Sll 7~· 92 1749 
526 79 

541 132 
563 113 149 1162 

:.'!'2 2b0 284 ~~~~ 

5)5 263 
564 261 
587 264 

527 137 154 1797 
536 137 

123 1792 

152 D82 

I -"\ 
u 

coz T0-12 N20 
ppB!V !V•-3 ppbv 

... 
16'1 334.1l )42- 7 

343 .l 

I 
! 

881.5 
428 

,., 
" I 
I' 

38"; 650.1 342.2 
"' 

' .· .. 
"· I 

·' I 
36S 106,3 343.J I·• , .. 

'' 
'" I 

•I .. 
"' :.•• 

J£;; l"!.b 343.6 

}81 259"? ]40,6 



J(W.UT - SUHH£9. 1 '19 I Universl ry of U.t:-..hir..~·.on 

Saa~p1e (an !late Ti~ Altitude ~:..nlla!o:-. :s 112 co co CH4 C02 TJ-12 tl.:!O 
No. SIJ; fL ppbv P!>bV ppbv ppbv """"' Uf. ltu· 3 ppbv 

Fligbt 1481 (continutd) 
S RF!.6 21-lt;,.y- H 814 4,000 !faze. pl•.- •..-ple 240 1524 l78 }l!). 4 342 4 

'Rn 2~ -Kay-91 t14 2,500 Ha%e. ~LOke fro. Kuwait 716 ill6 231 lBO& 37~ J:l8.9 340- 7f' 
oil fire• 548 2118 343.0 

512 208 '' 
~IS 208 

10 RF2 21-l!tay- 91 1111 11.5CO Haze, smoke saap1e; s~p1e 5JS 1<)6 119 1758 366 53.3 341.6 
in p1uae !SE of .8ahrain 542 106 J42. 9 

S30 106 
!>30 106 

Fli&)>L 14il2 
., 
' 11 IF3 28-llay-91 1130 12,000 Clear; acbient s..ple SY~ 19 84 1757 362 76.3 342.& 

.ab<>•,., ylu:re- HS 79 
~~'6 19 
~10 ~0 

12 ...... 18-Kay- 91 1200 10.108 ....... •-l• •urple, ~ 1 .. J•,J 16~ J]/8 373 10'·. 2' 341.4 
.. , 

~ '. ~ I' l 
~;)4 ~ ., 
~~? ~:.. 1 
520 1~2 

516 !):.> 

n ars1 28-ltay-91 121.8 I. 100 li.a.te. """'·b sample; 546 13J 148 :777 369 63 I. 343.& 

~&SUC~F.eAts -at ti~ w. 528 133 
sample: CO 0.1 ppm.· 
co2· ~!:2 Jlllm 

14 RF32 28 -!toy-~ l 1)}9 6. 100 !!;,;::<,. s111•k.e sample~ Sll 280 310 1807 384 ?31.6 334.4 

521 281 
SS4 :•ti-'1 
s~~ 28~ 

,.- \ 

u u 
'0 



' u u 

KUVAlT - SUKHE£ 1991 ·UnivPrsi r:y of \.",;,.sh in.@:t:On 

Sa10pl" C;!n b<t.Ce Ti"" Altitude CoiOL-encs 
No. Sili 

flight 1482 (continued) 
H IIF83 28-l'.ay-91 1401 

Flipt 1484 
16 RFS:. 31-Hay-91 &21 

17 RFJl 31-Hay-91 843 

18 Rf"J.<. ll-Kay-~1 920 

19 llF35 31-Hay-91 932 

20 Rf36 . 31-Kay-91 1006 

21 RF41 31-Hi.y-91 1038 

ft. 

4,100 Haz~. s~e sa.ple; 

Baze,. s:uGke sample; 

Haze. sao:<e saaple (sa~e 
pluae AS for c•o RF 84) 

l'.ue, .-_. •-h. 

HaZ~. smoke sa.ple (Sa~e 
plu.e as for can RF 34) 

Ha~e, smoke s_..p1e (white 
plume); 

3,500 »•ze, rl~· sample 

H2 CU 
ppl>'J ppbv 

524 190 
517 190 

524 350 
517 352 

~31 292 
~~ "! 19!. 

0 

co CHc. t:o2 Tl'). i 2 N20 
ppbv ppbv PP'"" ug_lo· 3 ppbv 

" 213 1816 312 2'.~5 .6 142. l 
·:• 

. '·· 
I 

381 )809 J94 238.4 343.0 ,., 
;, 74 1810 394 

,, 
I, 

., 

396 1815 }99 245. (, 346.0 
31,~. 3 

' . 
.. , 
I 

" I 

I 51 1791 3i>5 52 0 341. s '' '. •·· 341.1 I· 

' ... 
"' '·' 

144 1793 364 ~3.6 3'·2. 0 
342.0 

210 ll89 3<·8 !3~9 3'•2.6 

313 1?.48 )81. '; J.H {I )!, l :~ 



I::IAIAJr · SllOIElt l ~!II Univet:si~·y of U.&s:~~n.-:::on 

s....,Ie C:JI> llac:e T i.aoe Al c i tude c,,.,_~n.o: s 
Mo. S/V 

Higbl: Hh (concir.ued) 
2~ RF42 31-~y-91 10S3 

27 RF!. i 03 -J ur.-91 923 

28 RF .. S 03-Jun-~1 919 

11: .7dlibT.Jlt~d Just hefori' l"l.m 

u 

f!:. 

3.500 la.z.o. !llain plUIIe sample. 

3,500 Haz~. pl~e sa-vle ac 
3~00 ft. 

3,50() Ha:;::e, pl•.uae Si\Dp!e 

' \ 
\_} 

H2 
p(>bV 

5S8 
5S7 

~24 

536 

517 
~23 

co 
ppbv 

313 
315 

418 
4 '? ,_ 

281 
284 

co CH4 
ppbv ppbv 

334 1848 

448 1829 

29/ 1R29 

~02 T0-12 N20 
pplllV Uf./O>· J ppbv 

)81 )c)~.) 

4b:.l 'j44.2 
3% 

380 36'> b 3'·4.~ 

}40 9> 
1 ~,9. R 

0 

., . . 



u u 

KwAll' · Slltl!ER 19n University ~f liA~hingt:on 

Sarpl e C:u> Uat:e ri.Di: Altit.l!Ce c._.£-nts 
No. S/11 fc 

Fli&bt: J'+llo (con~inc~e<l) 
29 RFB9 O:!--J .... rn 959 3,~00 ~e. pluae saaple 

lO ltF90 03-JUil·91 1021 3,SOO Haze, plume sample 

31 ~1 03-.IUII• 9] 10.00 l,SOO Haze, plu.e sa.ple 

32 5.N2 03-.Juo-91 JIOl 3,500 Haze, pl..,.. sMple 

33 llF9 03-Jun- Sol lll9 3,500 Ha~~. plu.e sample 

3~ RrJ <• o:;.Jun- 51 U4S 3, 500 lioze, [•lcae suple 

3'> RFL 03-Jun-9: 1205 3,500 Haze, flUlle sample 

!t-Ul~ Ol·lun91 ill~ Cll~.u. l-.u·kgrl'lltll•t :..s'lple 

* ···l•hru •. d p•st l .. •to:··· Jill• 

112 
ppbv 

~4) 

542 

~41 
~36 

~36 

~47 

527 
520 

534 
528 

516 
526 

533 
S)O 

578 
574 

~?6 
') 2 () 

co 
ppbv 

210 
1!1 

303 
305 

187 
1P.8 
185 
186 

224 
2~5 

i'H 
198 

176 
177 

I ~0 
190 

1 1 
! : 

co CHi. C02 
ppbv pjObV ppmv 

288 1818 }78 

314 1823 )79 

202 1/84 369 

21•6 1802 3l7 

218 1794 3&9 

194 1787 )bb 

209 1805 J((l 

8 l _l~",/ ~ ~ ~ 

0 

10-12 
:Jg_/Jiii.~ 3 

"J6~.] 

353.S 

! ) J..!i, 

249. ~ 

189.8 

191 J 

/60.4 

.' 'l > 

N20 
rpbv 

342 8 
342.'· 

342 2• 

)42.5 ... 

3-41.3 

340.2 

340.6 
342.3 

343.3 

)~:; ? 

.,. 
' 

.. , 
! 

,. 
I 
t"! 

'' ' '. 
'' 
'' ' 
" 
'. 

'' I' 
,,, 
'" 
" ,,, ,. 



' 
KUUAIT · SUHKEI 1991 University of Uasbi~gt~n 

Saoq>l e Can 
No. S/11 

Dal:e Tl•e Alti~ Co .. ~nts 
fl:. 

Fl i&}lt 1~1] 
37 RF69 05-J~-91 101 

38 RFJO O~·Jun-91 Ill 

39 RF71 05-Jun-91 83(1 

Fli&J•t 1-<18 
loO RF72 OI·J\10·91 4ll 

41 RF49 08-Jaa-91 424 

42 RFs.l 08-JU>-91 1,45 

43 R~-1 08-Jun-91 1,57 

u 

2,500 Ha%e, plc.e sa.ple at 
2500 f<:. 

2,700 Haze, plume saaple ~t 
27(•0 ft:. 

2, 700 1\a>:;,, pcu::ae suple at 
2?fl0 fr:. 

..... bl•cL pi~ s-.plo 

H..:::e. bhcl pl.-e s..aplc 

Haze. ~o-t. i te r-l\JIIe sa..ple 

Haz~. ~bit~ plu.e sample 

' 10 

H2 
J:>phv 

CO CO CH4 CO~ TO·l2 
ppbv J•pbv ppbv pp111V ug/11 · 3 

277 1813 40~ 115.4 

156 1793 366 Ill. 2 

149 1803 163 122 2 

]80 1780 J90 107.9 

155 1781 188 140.2 

350 1786 413 1 ,;z. 1 

5&5 17'11 £.16 :2i.~.1 

N20 
ppbv 

335 5 

140.5 

JloO. 6 
346.4 

31.1.1 
3t4.6 

341.? 
31•3.9 

(j 

.. 

, . 
,:. 
' '. '. 
' 
"' ... 



u ( ) 
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"kwAU · SIIHJt£K !99t University of IJ•shintc<>n 

Sa.pb Can 
No. ~~~~ 

Datt! 

Flight 1~15 (continued) 

Time Altitude Con~en<~ 
ft. 

44 iF~2 01-Jun-tJ 524 3,000 Ka"e, pluae sa.ple 20 mi. 
downv1nd at 3000 ft. 

4) RF91 oa-J•.m-~1 sn 2,500 Haz~. ?Juae sample; 

4ft Rr94 ~-Jun-91 620 2,000 Haz~. pl~ sa.ple; 

4? RF9S 08-Jun-91 63) 2,000 faze. pl<me suple; 

41 RF'J6 01-J-·9) 117 Cl•••· back&roun4 •..plo 
be lo" VX>b: 

4!! RE29 OB-Jun-91 136 Cle£r, boclground sa•ple 
F..ast oi sDOke ; 

Fll~;ht 1.:.8': 
5C• R?:JCo 09-Jun-91 635 1,000 H&ze, black p1uae saaple 

:>1 11r:•1 09-.I~n-91 64S l, 000 Ua:!e, b".ad: plua~e sample 

112 
ppbv 

103/ 
610 
5~!1 
554 

101} 
640 
5~2 

5% 

8~6 

~~6 

>18 

815 
lOS 
806 

771 
~72 

5~1 

;)/ 
S28 

co 
ppl>v 

1?3 
195 
l~l5 

1?5 

141 
141 
141 
llol 

~39 

ll9 
IN 

60 
61 
80 

.f.!. 
84 
84 

lJf, 
II I 

t,?.:.. I I . 

c~ 

co Cll4 c;o? T0-12 H:<O 
ppbv ppbv PJIWY •rJru-l ppb•/ 

282 U!G7 }88 213 9 344.9:x 
347.~ 

217 1793 38/o 158.4 .l<ll. 1 

!'• 

i ,., 

1S8 1771 J.68 106.9 )41. 2 

.. 
' . ~ 

157 1775 3b8 /6.7 342.0 

" 
' ; 
' . 

~4 1159 361 •'•)- 4 338.6 
.. 

98 1755 3o9 ),,7 )40.9 
~-S 1757 3:>8 

115 1178 l71 3' .. 9 342. ~· 

1 ·w 1 1H) ~ ~; ! L. '.11 Jt~f) 8-'" 



JCUWAJT • S~IIIMEP. 1~91 University of \rl.;sbi"\f.:cr 

SMOple Can DG.te Tioe Altitude C.u.•n~s H1 cc 
llo. s,..,. ft ppb•l ppbv 

Flight 1~8S (continued) 
~2 IU'l2 09-Jun-91 110 1,000 aaz~o ~~~k pluae saaple 

53 R:r21 09-Jun-91 12:i 1,000 Bueo ·.rhi te pl,_~ saaple s-., 20] 
s.;e 208 

54 Rn2 09-Jun-91 747 1,000 H•~•. larse black plume 568 363 
·555 366 

5:> lli'B 09-Juo-~1 759 5,000 Kaze, •&i• pluae sample 5'?5 ~[i 

n 5000 ft. 55& 4~:. 

56 llf2'- 09-Jwt-91 116 5,000 Baz~. a&in plu.e aa.ple 546 184 
532 18€ 
535 18€ 

Flight l-<9v 
51 RJ"71 11-Ju-,- 9l 927 4 o 500 11.-.::«, plume sacple 

58 RF53 11-Jun-91 541) J!ad:~ocnd, w~st of pl1111e. 

~" Rf>~ 11-Jo~n 91 toO I 4,0{\0 Flww ~attJ•lf" 

u u 

co 
pJ>bv 

198 
195 

208 

380 

461 

197 

ll8 
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Page I of 14 

SUMMARY OF "GRAB BAG" CHEMICAL SAMPLES OBTAINED BY 
UNIVERSITY OF WASHINGTON IN THE KUWAIT OIL FIRE STUDY 

(16 MAY - 12 JUNE 1991) 

Date, 1991 UW Flight# Samples Time of Sample Notes 
Collectedt • (UTC) 

May 16 1477 37 0704 Background 
above smoke 

c 0724 Background 
above smoke 

H,37,G,47,C 0823 Smoke from 
South Fires at 
10,500 ft 

H,37,G,47 0846 Smoke at 9,000 ft 

37,G 0859 Smoke at 9,000 ft 

37,G,47 0924 Mid-plume at 
8,000 ft 

37,47 0938 Smoke at 7,000 ft 

37,47,H,G 1020 Power failure, 
shon sample 

May 18 1478 37 0621 Background 
above smoke 

37 0643 Background 
above smoke 

37,H,G 0732 Background 
below smoke 

37,H,G 0757 Thickest smoke 
from South Fires, 
4,000 ft 

37,H,G 0806 Thickest smoke 
from South Fires, 
4,000.ft 

• C = Rasmussen "cans" - for gaseous organics, THC, CO, COz, NzO, CH4, and Freons 
Q = Quartz filters for organic aerosols 
37 = 37 mm Teflon filters for soot, mass, elemental analysis, inorganic ions 
47 = 47 t!\m Teflon filters for inorganic ions 
H = Impregnated filters for HzS 
G =Electron microscope grids for morphological and elemental analysis of individual particles 
N = Nucleopore filters for SEM analysis 

tIn addition to the "grab" samples listed here continuous measurements of NO, NOz, SOz, CO, C02, 03 · 
were made aboard the aircralt 





(J 

.··~ 

····~ 

Ea~ 2 Qf 14 

Date, 1991 uw Flight# Samples Trme of Sample Notes 
Collectedt * (UTC) 

May22 1480 G 0719 Old smoke near 
Qatar 

37,0 1019 Point A, 3,500 ft, 
between Kuwait 
and Bahrain 

37,G,C 1032 Point B smoke, 
5,000 ft, between 
Kuwait and 
Bahrain 

37,G,C 1053 Point C smoke, 
4,700 ft, between 
Kuwait and 
Bahrain 

37,C 1124 Background, 
4,000 ft 

May27 1481 37,G,C 0703 Point C, 8,000 ft, 
(No "D") 

37,C 0738 Point E, 4,000 ft, 
cross section -30 
miles south of A1 
Burgan 

(Cont.) 

. • C - Rasmussen "cans" - for gaseous organics, THC, CO, C02, N20, CH4, and Freons 
Q = Quartz filters for organic aerosols 
37 = 37 mm Teflon filters for soot, mass, elemental analysis, inorganic ions 
4 7 = 4 7 mm Teflon filters for inorganic ions 
H =Impregnated filters for H2S 
G =Electron microscope gr:ids for morphological and elemental analysis of individual particles 
N = Nucleopore filters for SEM analysis 

t In addition to the "grab" samples listed here continuous measurements of NO, N02, S02, CO, C02. 03 
were made aboard the aircraft, 



P<!!O!: :2 Qf 14 

Date, 1991 uw Flight# Samples Time of Sample Notes 
Collectedt • (UTC) 

May27 1481 37,H 0755 Point F, 4,000 ft, 
cross section -30 
miles south of Al 
Burgan 

C,Q,H,G 0814 Point G, 4,200 ft, 
cross section -30 
miles south of Al 
Burgan 

37,C 0914 Point H, 2,500 ft, 
cross section -30 
miles south of Al 
Burgan 

37,G 0934 Point D, 4,000 ft, 
on return from 
Kuwait to 
Manama 

37,H 1011 Point C, 8,900 ft, 
on return from 
Kuwait to 
Manama 

37,G · 1031 Point B, 12,000 
ft, on return from 
Kuwait to 
Manama 

37,G 1045 Point A, 12,000 
ft, on return from 
Kuwait to 
Manama 

37,C 1118 Point X, 
Background?, 
11,500 feet, south 
of Bahrain 
(Plume accord to 
PVH) 

• C = Rasmussen "cans" -for gaseous organics, THC, CO, C02, N20, CH4, and Freons 
Q = Quartz filters for organic aerosols 
37 = 37 mm Teflon filters for soot, mass, elemental analysis, inorganic ions 
47 = 47 mm Teflon filters for inorganic ions 
H = Impregnated filters for H2S 
G =ElectrOn microscope grids for morphological and elemental analysis of individual particles 
N = Nucleopore filters for SEM analysis 

t In addition to the "grab" samples listed here continuous measurements of NO, N02, S02, CO, C02, 03 
were made aboard the aircrafL 

0 

J 



0 

·.·~ 

Pa~:~: 4 Qf 14 

Date, 1991 uw Flight# Samples Time of Sample Notes 
Collecredt • (UTC) 

May28 1482 37,C 1130 Background, 
above smoke 

37,C 1206 Smoke, 10,100 
ft, cross section 
near Selig 

37,C 1248 Smoke, 8,100 ft, 
cross section near 
Selig 

37,C 1329 Smoke, 6, I 00 ft, 
cross section near 
Selig 

37,C 1401 Smoke, 4,100 ft, 
cross section near 
Selig 

37 1452 Background 
below smoke 

May29 1483 (Wing-tip inter-
comparison with 
NCAR Electra at 
085201 UTC on 
Convair Systron) 

37,G 0941 Background 
below smoke 

37,G 1028 Mid-plume, 
7,000 ft 

• C =Rasmussen "cans" -for gaseous organics, THC, CO, COz, N20, CH4, and Freons 
Q = Quanz filters for organic aerosols 
37 = 37 mm Teflon filters for soo~ mass, elemental analysis, inorganic ions 
47 = 47 mm Teflon fllters for inorganic ions 
H = Impregnated fllters for H2S 
G = Electron microscope grids for morphological and elemental analysis of individual panicles 
N = Nucleopore filters for SEM analysis 

t In addition to the "grab" samples listed here continuous measurements of NO, N02, SOz, CO, COz, 03 
were made aboard the aircrafL ' 



Pa~~Qfl4 

Date, 1991 uw Flight# Samples Time of Sample Notes 
Collectedt • (UTC) 

May31 1484 37,C,G 0828 Point C (black, or 
dark gray 
plume(s)), AI 
Burgan Area 

Q,C,H,G 0843 Point C', 2nd 
sample of above 

37,C 0920 Point D, (Isolated 
black plume), AI 
Burgan Area 

Q,C 0932 PointD (2nd 
sample of same 
isolated black 
plume) 

37,C,G 1006 PointE (White 
plume), AI 
Burgan Area 

37,C,G 1038 Point F, 3,500 ft 
(Composite 
Burgan plume) 

Q,G,H,C 1051 Point F, 2nd 
sample 
(Composite 
Burgan plume) 

37,C 1111 Point G, 5,000 ft, 
(Composite 
Burgan plume) 

37,G 1125 Smoke, 5,000 ft 

• C -Rasmussen "cans" -for gaseous organics, THC, CO, C02. N20, CH4, and Freons 
Q = Quartz filters for organic aerosols 
37 = 37 mm Teflon filters for soo~ mass, elemental analysis, inorganic ions 
47 = 47 mm Teflon filters for inorganic ions 
H = Impregnated filters for H2S 
G =Electron microscope grids for morphological and elemental analysis of individual particles 
N = Nucleopore filters for SEM analysis 

t In addition to the "grnb" samples listed here continuous measurements of NO, N02, S02, CO, C02. 03 
were made aboard the aircrafL 
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Date, 1991 uw Flight# Samples Time of Sample Notes 
Collectedt • (UTC) 

June 2 1485 37 0655 8,000 ft, 
Composite Plume 
South of AI 
Burgan 

Q,C 0716 8,000 ft, 2nd 
sample of above, 
Composite Plume 
South of AI 
Burgan 

37 0746 5,600 ft, 
Composite Plume 
South of AI 
Burgan 

Q,C 0809 5,600 ft, 2nd 
sample of above, 
Composite Plume 
South of A1 
Burgan 

June 3 1486 Q,C 0842 Smoke, center of 
plume, 3,000 ft 

37,C,G 0923 Lagranian drift 
measurements in 
composite plume. 
Point A, 3,500 ft 

37,C 0939 Lagranian drift 
measurements in 
composite plume. 
Point B, 3,500 ft 

(Cont.) 

* C =Rasmussen "cans" -for gaseous organics, THC, CO, C02, N20, CH4, and Freons 
Q = Quartz filters for organic aerosols 
37 = 37 mm Teflon filters for soot, mass, elemental analysis, inorganic ions 
4 7 = 4 7 mm Teflon filters for inorganic ions 
H = Impregnated filters for H2S 
G = Electron microscope grids for morphological and elemental analysis of individual particles 
N = Nucleopore filters for SEM analysis 

tIn addition to the "grab" samples listed here continuous measurements of NO, N02, S02. CO, C02. 03 
were made aboard the aircraft. 
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Date, 1991 uw Flight# Samples Time of Sample Notes 
Collectedt • (UTC)· 

June 3 1486 37,C,G 0959 Lagranian drift 
measurements in 
composite plume. 
Point C, 3,500 ft 

37,C 1021 Lagranian drift 
measurements in 
composite plume. 
Point D, 3,500 ft 

37,C,G 1040 Lagraniandrift 
measurements in 
composite plume. 
Point E, 3,500 ft 

37 1101 Lagranian drift 
measurements in 
composite plume. 
Point F, 3,500 ft 

37,C,G 1119 Lagranian drift 
measurements in 
composite plume. 
Point G, 3,500 ft 

37,C 1146 Point H, 3,500 ft 
(100 miles from 
A), Lagranian 
measurements in 
composite plume. 

Q,C,G 1205 Point I, Ht?, 
Lagranian 
measurements in 
composite plume. 

(Cont.) 

• C -Rasmussen "cans" -for gaseous organics, THC, CO, C02, N20, Cfl4, and Freons 
Q = Quartl filters for organic aerosols 
37 = 37 mm Teflon filters for soo~ mass, elemental analysis, inorganic ions 
47 = 47 mm Teflon filters for inorganic ions 
H = Impregnated fllters for H2S 
G =Electron microscope grids for morphological and elemental analysis of individual panicles 
N = Nucleopore filters for SEM analysis 

t In addition to the "grab" samples listed here continuous measurements of NO, NOz, S02, CO, C02. 03 
were made aboard the aircraft 
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Date, 1991 uw Flight# Samples Time of Sample Notes 
Coiiectedt • (UTC) 

June 3 1486 37,0 1234 Point J, 2,700 ft 
(near base), 
Lagranian 
measurements in 
composite plume. 

37,0 1251 Point K, 3,500 ft, 
Lagranian 
measurements in 
composite plume. 

37,C 1312 Background 

June 5 1487 37,C,O 0801 Smoke from 
composite North 
Plume (exploration 
measurements) 
2,500 ft 

37,C,O 0818 Smoke from 
composite North 
Plume (1st proper 
sample at mid-
point) 2,700 ft 

Q,O,C,H 0830 Smoke from 
composite North 
Plume (2nd 
sample, mid-point) . 
2,700 ft 

Flight cut short due 
to generator failure 

• C =Rasmussen "cans" -for gaseous organics, THC, CO, CQ:z, NzO. Cf4, and Freons 
Q = Quartz filters for organic aerosols 
37 = 37 mm Teflon filters for soo~ mass, elemenral analysis, inorganic ions 
47 = 47 mm Teflon filters for inorganic ions 
H = Impregnated filters for HzS 
G =Electron microscope grids for morphological and elemenral analysis of individual particles 
N = Nucleopore filters for SEM analysis 

t In addition to the "grab" samples listed here continuous measurements of NO, NOz. SO:z, CO, CO:z, 03 
were made aboard the ain:rafL 
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Date, 1991 uw Flight# Samples Time of Sample Notes 
Collectedt • (UTC) 

June 8 1488 37,C,G 0413 Subiriyah (North 
Field), A-1, . 
Isolated black 
plume 

Q,C,H 0424 Subiriyah (North 
Field), A-2, Same 
plume 

37,C,G 0445 Subiriyah (North 
Field), B-1, White 
plume (black 
behind) 

Q,C,G,H 0457 Subiriyah (North 
Field), B-2, same 
plume 

37,C 0524 Smoke from 
composite North 
Plume, Point C, 
3,000 ft (top of 
plume), cross 
section 20 miles 
from upwirtd edge 
of fires 

37,C,G 0541 Smoke from 
composite North 
Plume, Point D, 
2,200 ft (middle 
plume), cross 
section 20 miles 
from upwind edge 
offrres 

(Cont.) 

• C =Rasmussen "cans" -for gaseous organiCs, THC, CO, C()z, N20, CH4, and Freons 
Q = Quanz filters for organic aerosols 
37 = 37 mm Teflon filters for soo~ mass, elemenral analysis, inorganic ions 
47 = 47 mm Teflon fllters for inorganic ions 
H = Impregnated filters for H2S 
G = Electron microscope grids for morphological and elemenral analysis of individual particles 
N = Nucleopore filters for SEM analysis 

t In addition to the "grab" samples listed here continuous measurements of NO, N02, S()z, CO, C()z, 03 
were made aboard the aircraft. 
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Date, 1991 uw Flight# Samples Time of Sample Notes 
Collecredt • (UTC) 

June 8 1488 Q,C,H,G 0553 Smoke from 
composite North 
Plume, D-2, 2nd 
sample, cross 
section 20 miles 
from upwind edge 
offrres 

37,C 0620 Smoke from 
composite North 
Plume, E-1 (lower 
plume), cross 
section 20 miles 
from upwind edge 
offrres 

Q,C,H,G 0637 Smoke from 
composite North 
Plume, E-2, 2nd 
sample, cross 
section 20 miles 
from upwind edge 
offrres 

"37,C 0717 Background below 
sample 

37,C 0736 Background east of 
smoke 

June 9 1489 37,C,G 0635 A, individual, 
black plume, 
(Minagish) 

Q,C,H,N 0645 A-2, same plume 

37,C,G,N 0710 B, white plume 
(Minagish?) 

(Cont.) 

• C = Rasmussen "cans" -for gaseous organics, THC, CO, COz, N20, CH4, and Freons 
Q = Quartz filterS for organic aerosols 
37 = 37 mm Teflon filters for soot, mass, elemental analysis, inorganic ions 
47 = 47 mm Teflon filters for inorganic ions 
H =Impregnated filters for H2S 
G =Electron microscope grids for morphological and elemental analysis of individual particles 
N = Nucleopore filters for SEM analysis 

t In addition to the "grab" samples listed here continuous measurements of NO, N02, SOz, CO, COz, 03 
were made aboard the aircrafL 
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Date, 1991 uw Flight# Samples Time of Sample Notes 
Collectedt • (UTC) 

June 9 1489 Q,C,G,N,H 0723 B-2, same plume 

37,C,G 0747 C, large black 
plume(Umm 
Gadair) 

37,C 0759 Composite plume 
fromNonh 
Field(?), 5,000 ft, 
Enroute from 
Kuwait to Bahrain 

Q,C 0816 Composite plume 
fromNonh 
Field(?), Entoute 
from Kuwait to 
Bahrain 

37,G 0842 Composite plume 
fromNonh 
Field(?), 3,500 ft, 
Enroute from 
Kuwait to Bahrain 

June 11 1490 37,C,H 0540 Background, West 
of plume, 4,500 ft 

37,C,G,H 0601 Point B 

37,C,G,H 0621 Point 1, ( -25 n. 
miles from South 
fields), 4,500 ft 

Q,C,G,H 0640 Point 2, 4,500 ft. 
Lagrangian drift 
measurements in 
composite plume 

(Cont.) 

* C =Rasmussen "cans" -for gaseous organics, THC, CO, C02, N20, CH4, and Freons 
Q = Quartz filters for organic aerosols 
37 = 37 mm Teflon filters for soot, mass, elemental analysis, inorganic ions 
47 = 47 mm Teflon filters for inorganic ions 
H = Impregnated filters for H2S 
G =Electron microscope grids for morphological and elemental analysis of individual particles 
N = Nucleopore filters for SEM analysis 

t In addition to the "grab" samples listed here continuous measurements of NO, N02, S02, CO, C02, 03 
were made aboard the aircrnf~ 
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Date, 1991 UW Flight# Samples Tune of Sample Notes 
Collectedt • (UTC) 

June 11 1490 37,C 0704 Point 3, 4,500 ft. 
Lagrangian drift 
measurements in 
composite plume 

Q,C,G 0729 Point 4, 4,500 ft. 
Lagrangian drift 
measurements in 
composite plume 

37 0751 Point 5, 4,500 ft. 
Lagrangian drift 
measurements in 
composite plume 

Q,C,G 0806 Point 6, 4,500 ft. 
Lagrangian drift 
measurements in 
composite plume 

.. 

37 0826 Point 7, 4,500 ft. 
Lagrangian drift 
measurements in 
composite plume 

Q,C,G 0840 Point 8, 4,500 ft. 
Lagrangian drift 
measurements in 
composite plume 

37 0903 Point 9, 4,500 ft. 
Lagrangian drift 
measurements in 
composite plume 

Q,C,G 0927 Point 10, 4,500 ft. 
Lagrangian drift 
measurements in 
composite plume 
·(-126 miles from 
Bahrain) 

• C =Rasmussen "cans" -for gaseous organics, THC, CO, COz; N20, CH4, and Freons 
Q = Quartz filters for organic aerosols 
37 = 37 mm Teflon filters for soo~ mass, elemental analysis, inorganic ions 
47 = 47 mm Teflon filters for inorganic ions 
H = Impregnated filters for H2S 
G =Electron microscope grids for morphological and elemental analysis of individual particles 
N = Nucleopore filters for SEM analysis 

t In addition to the "grab" samples listed here continuous measurements of NO, N02, SOz, CO, COz, 03 
were made aboard the aircraft. 



Pa~:s: l~ Qf 14 

Date, 1991 uw Flight# Samples Time of Sample Notes 
Collectedt * (UTC) 

June 12 1491 37,C,G,H 0536 Top of plume, 
6,500 ft. Cross 
section of south 
plume 

37,C,G,H 0549 5,500 ft. Cross 
section of south 
plume 

37,C,G,H 0604 4,500 ft. Cross 
section of south 
plume 

37,C,G,H 0616 3,500 ft. Cross 
section of south 
plume 

37,C 0629 2,500 ft. Cross 
section of south 
plume 

37,C 0642 Below smoke, 
1,500 ft. Cross 
section of south 
plume 

37,G,H 0707 Individual pool fire 
plume (Minagish) 

Q,C,G,H 0717 Same plume, 2nd 
sample 

37,G,H 0747 Individual pool fire 
(AlMagwa) 

Q,C,G,H 0757 Same plume, 2nd 
sample 

(Cont.) 

* C =Rasmussen "cans" -for gaseous organics, THC, CO, C02, N20, CH4, and Freons 
Q = Quartz filters for organic aerosols 
37 = 37 mm Teflon filters for soo~ mass, elemental analysis, inorganic ions 
47 = 47 mm Teflon filters for inorganic ions 
H =Impregnated filters for H2S 
G =Electron microscope grids for morphOlogical and elemental analysis of individual particles 
N = Nucleopore filters for SEM analysis 

t In addition to the "grab" samples listed here continuous measurements of NO, N02, 502, CO, C02, 03 
were made aboard the aircraft. 
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Date, 1991 uw Flight# Samples Time of Sample Notes 
Collecredt • (UTC) 

June 12 1491 G,H 0823 Old smoke, 10,000 
ft 

37,G 0828 Old smoke, 10,000 
ft 

Analyses completed as of July 30. 1991 

C - N20, CO, C02, THC, CfL!, Freons, HC speciation approximately 30% complete 

37's- mass, soot approximately 20% complete 

N - to be analyzed this week 

H,Q- sent to Saltzman and Kalman for analyses 

47,G -to be analyzed this fall at University of Washington 

37's - elemental and ionic composition to be analyzed this fall at FSU and University of 
Washington 

• C = Rru:mussen "cans" -for gaseous organics. THC, CO, C02, N20, Cf4, and Freons 
Q = Quartz filters for organic aerosols 
37 = 37 mm Teflon filters for soo~ mass, elemental analysis, inorganic ions 
47 = 47 mm Teflon filters for inorganic ions 
H =Impregnated filters for H2S 
G =Electron microscope grids for morphological and elemental analysis of individual particles 
N = Nucleopore filters for SEM analysis 

tIn addition to the "grab" samples listed here continuous measurements of NO, N02. S02, CO, C02. 03 
were made aboard the aircraft 
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University of Washington 

Kuwait Filter Data (odd #'s wl3.0 p.m cyclone, even #'s wlo) 

37 mm Teflon - Mass Concentration, Optical Absorption 

Filter Flight, Bag I/Io Black Mass Comments 
No. Date Fill Carbon Cone. 

1991 Time (p.g I m3) (p.g I m3) 

1 1477 0704 0.998 0.2 26 Bkgd 
2 5116 0704 0.992 0.7 58 Bkgd 
3 0823 0.883 17.9 143 
4 0823 0.871 17.4 235 
5 0846 0.965 4.0 88 
6 0846 0.971 3.3 48 
7 0859 0.944 4.8 56 
8 0859 0.950 4.0 84 
9 0924 0.732 31.1 235 
10 0924 0.723 30.9 995 

•J II 0938 0.831 20.2 149 
12 0938 0.839 17.9 139 
13 1020 0.741 76.7 656 
14 1020 0.723 79.7 433 
17 1478 0621 0.989 1.0 36 Bkgd 
18 5/18 0621 0.984 1.3 51 Bkgd 
19 0732 0.985 1.4 67 Bkgd 
20 0732 0.989 0.9 46 Bkgd 
21 0757 0.583 70.8 521 
22 0757 0.511 76.6 491 
23 0806 0.481 90.5 551 
24 0806 0.493 79.7 580 
25 0837 0.584 51.7 327 
26 0837 0.583 45.6 525 
29 1480 1019 0.702 40.3 309 
30 5/22 1019 0.619 48.9 805 
31 1032 0.581 63.4 448 
32 1032 0.510 63.0 890 
33 1053 0.815 20.9 142 
34 1053 0.805 19.6 360 
35 1124 0.973 3.6 50 
36 1124 0.945 6.5 94 

.J 





2 

0 
Filter Flight, Bag I/Io Black Mass Comments 
No. Date Fill Carbon Cone. 

1991 Time (JLg I m3) (JLg I m3) 

41 1481 0703 0.745 27.8 155 
42 5127 0703 0.762 24.3 167 
43 0738 0.593 49.6 272 
44 0738 0.553 52.1 365 
45 0755 0.710 30.8 175 
46 0755 0.711 27.5 260 
47 0914 0.663 32.4 226 
48 0914 0.660 32.9 260 
49 0943 0.644 36.1 204 
50 0943 0.667 37.3 135 
51 1011 0.718 24.9 93 
52 1011 0.741 21.3 150 
53 1031 0.890 9.3 38 
54 1031 0.872 11.6 42 
55 1045 * * 157 

J 56 1045 0.755 24.6 61 
57 1118 0.843 10.6 97 
58~1118 0.843 11.3 143 
59 5128 1130 0.990 0.7 10 Bkgd 
60 1130 0.988 0.8 33 Bkgd 
61 1206 0.780 20.6 276 
62 1206 0.786 21.4 188 
63 1248 0.807 17.6 169 
64 1248 0.841 15.6 109 
65 1329 0.494 60.5 410 
66 1329 0.576 52.0 391 
67 1401 0.707 27.6 198 
68 1401 0.695 31.7 117 
69 1452 0.847 14.4 ** 
70 1452 0.863 13.6 205 
73 1483 0941 0.993 0.4 12 Bkgd 
74 5129 0941 0.990 0.6 22 Bkgd 
75 1028 0.770 19.5 111 
76 1028 0.766 18.8 121 
79 1484 0828 0.511 60.3 872 
80 5131 0828 0.496 64.3 936 
81 0920 0.843 15.0 90 
82 0920 0.856 14.3 145 

·~ 
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Filter Flight, Bag I/Io Black Mass Comments 
No. Date Fill Carbon Cone. 

1991 Time (JLg I m3) (JLg I m3) 

83 1006 0.780 21.3 190 
84 1006 0.795 20.2 120 
85 1038 0.495 61.0 505 
86 1038 0.479 66.3 448 
87 1111 0.249 109.6 708 
88 1111 0.300 101.2 841 
89 1125 0.908 7.1 144 
90 1125 0.915 7.2 70 
93 1485 0655 0.901 8.8 55 
94 6102 0655 0.909 8.7 88 
95 0746 0.828 16.6 113 
96 0746 0.863 13.1 139 
99 1486 0923 0.324 110.6 732 
100 6103 0923 0.363 92.5 719 
101 0939 0.516 60.0 363 
102 0939 0.589 45.1 314 .) 103 0959 0.532 44.7 303 
104 0959 0.517 48.0 344 
105 1021 0.443 57.2 335 
106 1021 0.468 56.1 385 
107 1040 0.673 31.8 212 
108 1040 0.681 31.9 163 
109 1101 0.623 32.1 233 
110 1101 0.625 36.2 282 
111 1119 0.602 33.3 225 
112 1119 0.643 29.6 236 
113 1146 0.632 26.5 234 
114 1146 0.703 21.7 150 
115 1234 0.838 11.9 107 
116 1234 0.842 12.4 130 
117 1251 0.725 23.1 102 
118 1251 0.760 21.6 202 
119 1312 0.959 2.9 12 Bkgd 
120 1312 0.963 2.7 14 Bkgd 
123 1487 0801 0.796 18.4 100 
124 6105 0801 0.825 14.8 129 
125 0818 0.800 17.9 66 
126 0818 0.792 20.0 156 





Filter Flight, 
No. Date 

1991 

173 1491 
174 6112 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 

Notes: 

Bag I!Io Black Mass Comments 
Fill Carbon Cone. 

Time (p.g I m3) (p.g I m') 

0536 0.498 67.0 296 
0536 0.509 67.3 340 
0549 0.403 79.6 442 
0549 .0.383 88.2 411 
0604 0.362 98.0 511 
0604 0.375 97.8 551 
0616 0.032 361.6 1702 
0616 0.037 362.0 1634 
0629 0.091 291.9 1745 
0629 0.073 333.5 1620 
0642 0.925 5.0 76 
0642 0:969 2.1 92 
0707 0.228. 188.6 819 Pool Fire 
0707 0.255 181.4 957 Pool Fire 
0747 0.203 171.0 613 Pool Fire 
0747 0.228 166.9 587 Pool Fire 
0828 0.863 9.9 55 
0828 0.870 9.7 74 

Black carbon is inferred assuming a specific absorption of 10 m21 g 
I I Io is optical transmittance of the filtrate 
* Ring torn, no optical measurement 
** Hole in filter, no mass· measurement 
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Emissions Factors for Particles, Elemental Carbon 
and Trace Gases From the Kuwait Oil Fires 

K K Laursen, R J Ferek and P Y HQbbs (Atmospheric Sciences 
Department, AK-40, University of Washington, Seattle, WA 
98195; 206-543-6027; OMNET: P.HOBBS) 

Emission factors (i.e. mass of a species emitted into the 
atmosphere per unit mass of fuel burned) have been determined 
for particles, soot, total organic carbon in particles and vapor, 
CO, C02, Cf4, S02 and NOx for the Kuwait oil fires. Particle 
emission factors are about 2%, which is only about one-third of 
the value used in previous "nuclear winter" calculations. This, 
in conjunction with the low soot emission factors for the Kuwait 
fires, substantially reduces the amount of cooling expected to 
occur at the earth's surface as a result of smoke from a nuclear 
war. Emission factors for several of the individual Kuwait oil 
fires are presented and differences between black and white 
plumes and the plumes from pool fires are discussed. Carbon 
budget data for the plumes are presented; the majority of the 
burned carbon is present as C02. Fluxes for several combustion 
products in the plume will be presented and compared with 
fluxes from other sources. 
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Ozone Chemistry in the Plume From the Kuwait Oil 
Fires 

J A Herrim: and P V Hobbs (Atmospheric Sciences Department, 
AK 40, University of Washington, Seattle, WA 98195; 206-
543-6027; OMNET: P.HOBBS) . 

Ozone depletion was observed in the core of the plume from 
the Kuwait oil fires. Most of this depletion occurred within 1 
km of the fires and was due to the reaction of ozone with NO. 
At 40 km from the fires, ozone was found to be further depleted, 
probably due to reactions with alkenes. Heterogeneous 
processes, such as the reaction of ozone on soot particles, may 
have also contributed to the ozone depletion. 

As expected, ozone was produced in diffuse regions of the 
plume where ultraviolet flux was higher than in the core. 
However, due to the relatively low concentrations of NOx, 
ozone production was slow. Nevertheless, since ozone was 
produced in a much larger volume than it was depleted, the 
plume as a whole was a significant source of ozone on a regional 
scale. Up to a distance of about 400 km from the flres, we 
calculate that the plume contained about 0.2 million kilograms of 
ozone in excess of ambient values. 
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Chain-Aggregate Aerosols in the Smoke From the 
Kuwait Oil Fires 

V N Kapustin (Institute of Annospheric Physics, USSR 
Academy of Science, Moscow, USSR) 
R E Weiss (Radiance Research, 12202 9th Ave NW, Seattle, 

WA 98177; 206-363-6610) 
P V Hobbs (Annospheric Sciences Deparnnent, AK-40, 

University of Washington, Seattle, WA 98195; 206-543-
6027; OMNET: P.HOBBS) 

Airborne iJuity measurements have been obtained of the non
sphericity of the smoke particles from the Kuwait fires. An 
electro-optical scattering (EO) technique was used in which 
changes in light scattering are measured when smoke particles 
are subjected to a pulsed electric field (2 kV em· I). Non
spherical particles align with the field, thus increasing their 
scattering cross section relative to random orientations. With the 
field removed, the particles orient randomly; the time required 
for random orientation ('t) is related to the chain length of the 
aggregates. Smoke samples were analyzed from continuous 
flow through an isokinetic pon at 8 Hz and averaged over 4 
seconds (-320m of aircraft travel). 

Measurements were taken in the plumes from individual. oil 
fires, composite smoke from groups of burning oil wells, and in 
aged smoke. Chained aggregates of black carbon were the 
principal non-spherical component of the smoke and were 
responsible for about one-half of the shon-wave optical depth. 
Smoke from individual wells varied considerably in app<:arance; . 
some fires produced notably white smoke and others very black 
smoke. Smoke from burning pooled oil tended to appear black. 
EO measurements in the individual black plumes indicated that 
substantial soot aggregates formed within seconds of 
combustion and EO enhancement in scattering was typically 40 
percent, with 't between 2 to 4 ms. Very little chain aggregate 
formation was detected in the white plumes. Typical EO 
enhancement in the white smoke was less than 5 percent, which 
is typical of biomass smoke or sea salt. Aged smoke exhibited 
significant but reduced EO enhancement compared with the black 
smoke, typically 20 to 30 percent. Most of the aggregate growth 
appears to have occurred very near the fires; rather small changes 
in EO propenies were detected with time in the aged smoke. 
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Fluxes and Compositions of Emissions From the 
Kuwait Oil Fires 

R J Ferek. P V Hobbs (Atmospheric Sciences Department, AK-
40, University of Washington, Seattle, WA 98195; 206-543-
6027; OMNET: P.HOBBS) 

R E Weiss (Radiance Research, 12202 9th Ave NW, Seattle, 
WA 98195) 

Gaseous and particulate emissions from the Kuwait oil fires 
were measured in fourteen research flights aboard the University 
of Washington's Convair research aircraft during the period 16 
May through 12 June 1991. In this paper we discuss a number 
of surprising results on the chemistry of the smoke from the fires 
that limit the long-range consequences of the emissions, but 
which exacerbate their local and regional impact. 

Flux calculations indicate that the combined oil and gas fire 
emissions were equivalent to the consumption of approximately 
5 million barrels of oil per day. The combustion appeared to be 
relatively efficient, with about 96% of the fuel carbon burned 
emitted as COz. Particulate smoke emissions averaged only 2% 
of the fuel burned, of which only about 20% was soot. On 
average, about two-thirds of the mass of the smoke was 
accounted for by salt, sulfate and soot. The salt most likely 
originated from oil field brines, which were ejected fro,n the 
wells along with the oil. The salt accounts for the fact that many 
of the plumes were white in appearance. Although sulfate may 
be emitted as a minor component of the brines it is also produced 
in the plume by rapid oxidation of SOz (-50% per hour during 
the first few hours after emission), probably through 
heterogeneous reactions on particles. Due to their high salt and 
sulfate content, a large fraction of the particles in ¢e smoke were 
efficient CCN. 

.• ::) 
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An Overview of the United States Interagency Airborne 
Study of the Smoke From the 1991 Kuwait Oil Fires 

P V Hobbs (Aonospheric Sciences Deparonent, AK-40, University 
of Washington, Seattle, WA 98195; 206-543-6027; OMNET: 
P.HOBBS) 

L F Radke (Research Aviation Facility, National Center for 
Aonospheric Research, PO Box 3000, Boulder, CO 80307-
3000; 303-497-1032) 

As the Iraqi army fled Kuwait in March 1991 they damaged or 
destroyed 749 oil wells, 610 of which were ignited. The resulting 
fires produced an extraordinary large plume of black smoke that 
had significant local and regional effects on the Gulf States and the 
potential for global effects. 

As part of the interagency United States effon (coordinated by 
the National Science Foundation) to assess the impacts of the fires 
on the aonosphere, the University of Washington (UW) and the 
National Center for Aonospheric Research (NCAR) mounted an 
airborne study of the smoke from the Kuwait fires utilizing the UW 
Convair and NCAR Electra research aircraft. 

During the period 16 May through 12 June 1991, some 200 
research flying hours were flown to study the smoke from the 

· Kuwait oil fires. The primary goals of the studies were to 
·. determine the chemical and physical nature and the radiative 

propenies of the smoke, the fluxes of various materials in the 
smoke, and the potential effects of the smoke on weather, climate 
and air quality. 

A key result of this study is that the significant impacts of the 
smoke are most likely confined to the Gulf Region. Thus, during 
our five week study, the smoke was never observed above about 6 
km; generally it spread out well below tbis height at one or more 
temperature inversions. Venical transpon mechanisms, such as 
self-lofting due to solar heating, were of limited effectiveness. 
Consequently, transpon of the smoke to the stratosphere (which 
would have produced global transfer of the smoke) was negligible. 
Also, because the smoke particles contain a significant mass of 
water soluble compounds, they are efficient cloud condensation 
nuclei and should have shon aonospheric lifetimes because of 
efficient cloud scavenging . 
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Optical Extinction Properties of Smoke From the 
Kuwait Oil Fires 

R E Weiss (Radiance Research, 12202 9th Ave NW, Seattle, 
WA 98177; 206-363-6610) 

P V Hobbs (Atmospheric Sciences Department, AK-40, 
University of Washington, Seattle, WA 98195; 206-543-
6027; OMNET: P.HOBBS) 

Airborne in..si1Y measurements have been made of the optical 
coefficients for extinction and the single-scattering albedo for 
smoke from the Kuwait oil fires. The measurements were made 
using a single-pass, 6.4 m long, transmission photometer for 
extinction and a high sensitivity, chopper-stabilized 
nephelometer for scattering. The single-scattering albedo and 
absorption coefficients were determined from the ratio and 
difference between the extinction and scattering coefficients, 
respectively. Both instruments were matched for wavelength 
response at 538 nm and equivalent air exchange rate. 
Measurement response was approximately 1 sec. Additional 
measurements for specific extinction (m2 g-1) were determined 
by averaging the extinction coefficients over periods for which 
filter samples were taken (typically about 10 seconds). 

Measurements include smoke from individual well and pool 
fues, the composite smoke from clusters of individual fues, and 
the aged smoke well downwind from Kuwait. The smoke from 
individual fires appeared as white, black and grayish plumes, or 
combinations where black and white smoke was being emitted 
from different regions of a fires. The single-scattering albedo 
varied from 0.95 for the white smoke to 0.36 for the black 
smoke from the well and pool fires. Less variability was 
detected in the composite smoke. The single-scattering albedo 
increased to about 0.5 in the near field composite smoke and was 
relatively invariable in the downwind aged smoke. Specific 
absorption in the aged smoke was typically about 2-3m2 g-1, 
which suggests a mass fraction for black carbon of 
approximately 20 to 30 percent For the regionally expansive 
smoke, approximately 40 to 50 percent of the optical depth was 
caused by absorption. Additional data regarding soot emission 
factors, based on the absorption data, will be presented. 
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An Improved Filter-Pack Technique for Airborne 
Measurement of Low Concentrations of S02 

P V Hobbs, R J Ferek;, D A Hegg and J A Herring (Atmospheric 
Sciences Department, AK-40, University of Washington, 
Seattle, WA .98195; 206-543-6027; OMNET: P.HOBBS) 

Recent improvements to the carbonate-impregnated filter 
technique for measuring low-levelS~ concentrations have 
resulted in dramatically improved performance. The 
improvements are: 1) a better cleaning procedure for the paper 
filter substrates resulting in approximately 60% reduction of their 
sulfate blank, 2) the use of an ion-exchange resin to remove the 
carbonate matrix from the sample extract resulting in a 100% 
increase in the signal-to-noise ratio, 3) the use ofhigh-purity 
glycerol in the filter impregnate resulting in approximately I 0% 
furtherreduction of blanks, and 4) improved chromatographic 
and standardization procedures for more accurate quantification 
of sample peaks. Combined, these improvements allow 
measurements to be made of S02 concentrations in marine 
background air with a 2cr uncertainty of± 6 pptv and, based on 
this, a 3cr detection limit of 9 pptv for iur volumes of 4 m3 
(which can be collected in 15 mins aboard our research aircraft). 
Measurements in polluted air show better than 95% collection 
efficiency, even at concentrations as high as 100 ppbv. Vertical 
profJ..les of S02 measured during three PSI research flights off 
the Washington Coast (one in clean marine air) showed 
concentrations ranging from 15-86 pptv in the mixed layer and 
from 40-93 pptv in the free troposphere. 

1. 1991 Fall Meeting 



.J 



0 

··~ 

Bahrain Debriefing of DOE Monitoring Team, August 20, 1981 

Members of the DOE Team 
(Contracted from Batelle Pacific Northwest Laboratories (PNL) and 
Brookhaven National Laboratory) 

Scientific Team 
Peter Daum 
Ken Busness 
Stan Tomich 
Jake Hales 

Flight Team 
Bob Hannigan 
Mike Warren 
Karl Bergstrom 

Brookhaven 
Batelle 
Batelle 
Batelle 

The original pu~pose of the monitoring flights funded by the · 
US Department of Energy (DOE) was to sample the p·rume at distanc·es 

- from the mid to tl'le far range. . Irii tiai pTaris. to sampl~ t-he- plu~e 
over Saudi Arabia almost as far to the southeast as Oman were 
limited by.airspace restriction~ in the Empty Quarter. Several 
trips in the·· area in!iicated, however, that. the plume ··over the 
Empty Quartar was so diffuse that it was difficult -to locate-and 
below the sensitivity of the instrument. 

The flights were successful. The first flight was on July 
31. A total of 13 flights was completed over 12 days. Two-thirds 
of the flights directly intersected the plume, the remainder 
conducted background measurements. The general area monitored was 
between latitude 22 and 28 degrees north and longitude 46 and 51 
degrees east. The flights took gaseous and particulate samples 
and measured the plume· s optical properties, dispersion and 
height. The DOE team was appreciative of the good support 
received from the Bahrain Environmental Protection Agency and 
Bahrain's Meteorological Service. The DOE aircraft team also 
received good support from MEPA and Aramco in Saudi Arabia. 

General Plume Characteristics 

The true character of the plume can only be addressed after 
the samples taken are analyzed in the laboratory, especially the 
data needed to understand the plume's dispersal in the vertical 



and horizontal, and to project human health effects. Once 
completed, the analysis will consolidate the data into a form chat 
can be used in assessments. 

1. The plume·s optical density is particularly high clo~e to the 
source, according to prelimin~ry observations, with high qensities 
sometimes occurring again as far as 200 kilometers downwind. 
Occasionally the plume retained integrity for great distances. 
The plume's optical density was greater than any cloud and ran the 
teams integrating nephelometer meter off the scale. 

2. High optical density seems to be accompanied by self-lofting. 
This could easily ·be observed at various distances along the 
plume's length where the darker, more optically dense segments 
rose higher than the lighter parts of the plume. Since the carbon 
particles are good absorbers of solar radiation, the result is 
heating at the top of the plume and vertical movement of the 
plume's upper surface. ·At· lower heights the ~lume is dark, cool 
and. stable. Instruments iieasured increased turbulence within the· 
plume with height. Where turbulence in tbe plume occured at 
11,500 feet-, for example, the to-p lofted to lS,OOO-f,;et. 

3. . The top of the plu.!le ranged from- 10, 000 to 1-8, 000. feet, 
indicating that the plume is confined to· the lower troposphere. 
The lowest samples in the plume were usually taken a-t 2, 000 to 
3,000 feet. While occasionally the plume was sighted below this 
level, it was difficult to make accurate judgements about its 
lower boundaries. Typically, however, below 2,000 feet the 
atmosphere was hazy. The haze could represenf-surface dust but in 
industri~l areas in Saudi Arabia it may be from the industrial 
facilities. 

4. Where dust was observed lifting from the surface it seemed to 
be incorporated into the plume, reaching the top of the plume 
through convection. Once the dust was incorporated into the 
plume, the plume's color changed. Captured particulate samples 
also changed color, shifting from gray to brown. Testing will 
identify the dust fraction. When the plume has a high dust 
content, it has a different signature on satellite imagery, giving 
the impression that a hole through ·the plume is providing a view 
of the desert 
floor. In fact it is not the desert floor but the top of the ~ 

plume with a heavy dust load. DOE will try to correlate the 
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change in the plume·s dust content with the signature on the 
satellite imagery. The dust content of the plume was probably 

less than that recorded by NCAR/UW; perhaps reflecting t~e lo~~= 

seasonal winds speeds. 

Plume Chemistry 

1. One of the primary concerns addressed by the DOE flights 
involved the fate of sulfur dioxide as ~he plume aged. The usual 
sulfur dioxide transformation to sulfate is by oxidation, in 
which the sulfur dioxide oxidized by the OH radical to form 
sulfuric acid and then sulfate. A second possible path of 
conversion was hypothesized in whicn trace metals could catalyze 
oxidation but preliminary evidence indicates this did not occur. 
The primary effect of distance on sulfur dioxide concentration is 
dilution as the plume diffuses. Maximum concentrations near the 
source were a few tenths of ppm and at greater distances the 
concentrations reached 5 ppb. 

2. The plume is unusual compared- ·to urban· .P-lumes. in Europe. and 
-· t"he u-.s. -rt is loli in .. nitrogeii oxides when compared to areas in 

which high temperature combustion is common. The nitrogen oxide 
concentrations are in the lD.ii parts per. billion, nowhere near what 
would be -produced. by. power. plants or automobiles; ·This indicates 
low-temperature combustion. Since ·nitrogen oxid·e concentration 
levels are low, the NOX is not available to help catalyze 
reactions within .the plume and consequently the plum·e retains its 
original properties longer. The materials are not being 
transformed rapidly but are just diluting. 

3. There is no evidence of ozone generation in the plume so far. 
This is unlike the ozone bulge commonly observed in the U.S. in 
which ozone levels are low near the source and increase as 
hydrocarbons oxidize nitrogen oxide to nitrogen dioxide, which 
then stimulates the formation of ozone. NCAR did detect a dip in 
the ozone level near the fires, possibly because it may have 
approached the source more closely. 

Analysis planned in U.S. laboratories 

Pollutant concentrations vary as a function of plume height 
and distance from the source. Sampled plume constitute included 
03, S02, NO , CO, and C02. 



1. Canister samples for gaseous organic constitutents. This ~ill 
indicata how gaseous hyd~ocarbons evolve with dis·tance. 

2. Composite three stage filter that sampled aerosols, nitric 
acid and sulfur dioxide. The aerosols analysis will include major 
inorganic species. The first stage of analysis will focus on 
major inorganic constituents and possibly trace metals. 

3. Separate analysis will be done for organic aerosols with a 
focus on major organic species including PAH"s. 

4. Aerosols number concentration and size distribution were also 
measured. Sampling was performed in two ranges. ·One instrument 
measures sizes from 0.1 to 3 microns, another from 3 to 47 
microns. 

5. Cloud condensation nuclei counts (con). Early indications are 
that_ ccn counts are about 3000 ccn per cubic centimeter, similar 
to the NCAR measuremen-ts:· The particles are hyd~ophilic and. 
sfiould be retained- in the atiosphere no longer than two to three 
weeks. At first DOE analysts thought that the particles would be 
pure elemental carbon and hydrophobic but the -particles 
absoi:'bed enough .sulfur ·d-ioxide on . their- su-rface to 

may have
make them 

polar, thus making them attractive to water. Ozone may. also 
oxidize the su~face of the particles, making them hydrophilic. 
The net r.esult is that the supersaturation level needed for cloud 
formation may be similar to that for typical con rather than the 
elevated levels anticipated when it was assumed _the particles were 
hydrophobic. It is possible that when the plume reaches the 
Intertropical Convergence Zone strong convection will result in a 
high degree of saturation and most of the particles my form cloud 
droplets. However, because there are so many ccn, the number of 
water droplets in the clouds may be smaller than the aerosol 
number concentration. In other words, even though the ITCZ air may 
be humid, there man not be enough water vapor avbailable for all 
of the particles present to serve as ccn. The clouds may also have 
an enhanced albedo, something which could show up on satellite 
imagery. 

General Discussion 

1. Data availability and funding. The data will be available to 
anyone who wants it. Analysis will begin in September and 
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most should be complete in mid October and November. Some :)r :n~ 

integrated samples may take longer. DOE will deposit it~ :Ia~~ 

with NCAR and also make isa data available independently. Fund1~4 

for analyzing the samples has not been arranged but the analysis 
will proceed anyway. 

2. Many Gulf scientists flew on the DOE aircraft, including 
Bahrainians in the Civil Aviation Affairs and Meterological 
Service and Saudis from Aramco and MEPA. Aramco in Dhahran 
provided forecasts. A Saudi scientist has been invited by the DOE 
team to join them in the US and join in analyzing the data. 

3. Locating the plume. Modelling efforts that forecast the 
location of the plume are not entirely successful. A sligh~ 
shifting of local weak high and low pressure cells can alter the 
location of the plume greatly at distances of several hundred 
kilometers from the source. Weather satellites are the biggest 
help: : Meteosat imageq arrives in Manama in the mid-morning and 
the DOE aircraft toqk off immediately after receiving the imagery. 
The preferred takeoff time· was -SAM to take advan·tag"e ·of the· -relatively cooler,.denser air but the delay to wait for the 
imagery paid off in efficiency in--locating the plune. 

4. Plume stratif-ication. The DOE tean speculated that the 
stratification in t·he "plume could r·eflect different plume 
patterns. Some levels could contain relict smoke that represents 
old plume locations. 
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MEMORANDUM 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
ATMOSPHERIC RESEARCH AND EXPOSURE ASSESSMENT LABORATORY· 

RESEARCH TRIANGLE PARK 
NORTH CAROLINA 27711 

September 10, 1991 

SUBJECT: Overview of the EPA/NASA In Plume 
and Ground Level Measurements Hade 
in Kuwait July 28 to August 8, 1991 

FROM: Robert K. Stevens PK<" 

TO: 

Chief, Source Apportionment 
Research Branch (HD-47) 

Joseph P. Pinto df'~ 
Research Scientist 

Gary J, Foley 
Director, Atmospheric Research and 

Exposure Assessment Laboratory (HD-75) 

Below is a summary of the major findings and preliminary conclusions based 
on the chemical and physical analysis of size fractioned plume and ground level 
samples collected recently in Kuwait. Jack Durham of the Gulf Task Force office 
requested we prepare this summary today to send to Peter Hill of NOAA who is 
assisting John Robinson of NOAA, to prepare a summary of research results 
obtained by the Interagency groups participating in this project. Appendix A is 
an inventory of samples collected in this study. Ve have not completed all the 
analyses. Thus far we have mass, XRF elemental composition, particle 
aorphological measurements by SEH/XRF procedures and ion chromatographic data for 
S02 , HN03 collected with annular denuders. Ve are still waiting for analysis of 
canisters for VOC' s, elemental and condensable carbon and PAH analysis of samples 
collec-ted vi th PUF and Tenex traps. Ve are also vai ting for the results of NASA 
measurements (C02 , CO,CB4 THHC)._ 

Results 

1. The Vhite oil fire plumes are enriched in fine particle (<2.0 pm) of 
crystalline salts of chlorides of sodium and calcium. Host of these particles 
are actually less than 0.5 1111 in aerodynamic diameter. These plumes also contain 
several hundred pg/m3 sulfur dioxide (S02 ) and sulfate. These plumes contain 
very little black carbon which suggest that these fires are fueled primarily by 
natural gas. These fine crystalline chloride salts are hydrophillic and can act 
as cloud condensation nuclei (see attached SEH/EDX spectra of one of the typical 
submicron particles from the white plumes). 



2. The black oil fire plumes from the burning oil wells are enriched in sub
micron-carbon chain agglomerates, calcium carbonates, silicates, sulfates and 
sulfur dioxide. There are large >20 11m particles of oil droplets in these plumes 
but they appear to~ deposit rapidly. This probably accounts for black oil that 
covers the surface within the fields. 

3. The chemical properties of super plumes (a mixture of the white and black 
plume downwind) are as expected, is a mixture of primarily the fine particles 
from the black and white plume fires. Since there are more black plume fires 
than white plumes the composition of the super plume more closely resembles the 
composition of the black plumes. Thus the fine particles of the super plume are 
dominated by the carbon chain agglomerates. 

4.~~ The ground level composition of fine particle aerosols collected in Kuwait 
City is a mixture of the super plume species (e.g., carbon chain agglomerates, 
chlorides) and automotive emissions (e.g., greater than l11g/m3 of Pb and Br) and 
sulfate which may be associated vith the oil fires and or the sulfur emission 
from the two electric power generating stations. During periods of air 
stagnation visibility decreased markedly to less than 1 km with a corresponding 
increase in fine and coarse particle mass. The fine particle become extremely 
black due primarily to the carbon chain agglomerates ve have associated with the 
oil fires. · ~ 

5. Several in plume and ground level samples vere collected using Texex and PUF 
traps to isolate condensable and semi-volatile organics. Preliminary gc/ms 
analysis of PUF extracts indicated.presence of 2, 4, 5, and 6 ringed polynuclear 
aromatic hydrocarbons. Analyses are in progress to identify and determine the ·~ 
amount of PAD's present in the plume and ground level samples • ~ 

6. Analysis to determine the amount. of condensable organic and elemental carbon 
present in the plume and ground level samples are in progress. 

1. One indoor sample vas collected during a relatively clear day in Kuwait. 
Some evidence of automotive fine particle emissions vere present in these samples 
along with oil fire emission species. Sulfur dioxide indoors vas comparable to 
outdoor levels. 

These results should be considered preliminary at this time. The KEPD are 
continuing to collect ground level samples within Kuwait City vith the equipment 
the US EPA left vith the Kuwait scientists. 

V~ are seeking resources to obtain neutron activation analysis of the fine 
particle samples· to determine the presence of trace elements that vere not 
detected by XRF methods (e.g. As, Se, Cd, lanthanides, Na, F). 

cc: Peter Bill, NOAA (FAX B-202-377-0714) 
Dale Pahl· (KD-56) 
James Vickery (HD-75) 
Jack Durham (8-260-0154) 
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APPENDIX A 

Inventory of Samples Collected by EPA 
Between July 28 and August 8, 1991 

Humber pf 
Pollutants ruu· Methods Samples 

1. so2 , BNo3 , BN02 G,V,A,I Denuder 22 
IC Analysis 

2. PAH's/Semi- G,V,A,I Quartz filters, 9 
volatile organics Tenex/PUF traps 

GC/MS/FID 

3. Non-Meth~~e Hydro- G,V,A Canister Samples 28 
carbons, halocarbons GC/MS/FID/ECD 

4. Trace elements in G,A,V,I Teflon Filters, 22 
fine (<2.5 pm) and XRF, INAA 
coarse (>2.5 pm) 
particles 

s. Aerosol Size G,A,V Nuclepore Filters 10 
Distribution 

6. Elemental and Volatil- G,A,V 
izable carbon (Ce, Cv) 

'site description • G • Ground level 
A • Airborne (Helicopter) 
V • Near Burning Vells 
I • Indoor 

SEM/EDX 

Quartz Filters 
Combustion/FlO 

PAH • polynuclear aromatic hydrocarbons, XRF • x-ray fluorescence 

13 

analysis, INAA • instrumental neutron activation analysis, SEH/EDX • scanning 
electron microscopy/energy dispersive x-ray analysis. 



Data1 

Fina SOz so. 
. 4 

Maaa 

Black Plume 10,900 206 177 
7/31 

Black PlUDIB 755 133 9.3 
8/02 

Black Plume 955 169 114 
8/03 

Black Plume 493 12 25 
8/05 

Super Plume 167 49 18 
8/06 

White PluD18 4,356 319 630 
B/07 

super Pl.,.. 21.6 26 1D 
B/8 

Summary of Analyaia of YAPS Samplea Collected· 
During Helicoper Flighta COllecting oil Fire 

and Super Plume Samplaa over Kuwait 

119/~ 

8 Pb 8r ca Al 81 Cl K 

59 - - 84 - 82 182 19 

3 - - - - - - -
38 - - 6 - - 15 -
8.4 - D,6 34 - 48 5.4 

5.9 8.7 7 10 1.6 

210 - 21 415 3220 62 

3.2 1.2 9 0.3 

cr IIi In Fa sr sn 

4.9 - - 24 - -
I 

- - - - - -
I 

- - - - - 8 i 

i 

' .• 13 4. 5 ' 

3.5 0.2 

5.4 18 8 

- -

1sampling tt.aa ware between 0,5 to 30 ainutea depending on the day the aamplea ware collected. Typically laaa than 
0.5 ~ of air waa collected with the Yaraatile air pollution aamplar (YAPS) uaad by EPA to collect the so2 and 
aaroaol aamplea. 

u \_) u 
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Date 
Pine so2 

so. 
4 s 

K••• 
7/281 62 11 6,9 2.3 

8/031 26 5.4 4.0 1.3 

8/071 100 11 5.8 1.95 

Indoor 7.4 7.6 1.8 0.6 
Sample2 
7/31 

Near NA 19 6 1.9 
Pluma3 

8/6 

\_) 

Summary of Ground Level Air Quality Measurements 
Made in Kuwait 

JlG/m3 4 

Pb Br ca Al Si Cl K 

0.12 0.04 4.34 1.74 5.12 0.14 0.70 

0.17 0.05 1.27 0.72 2.01 0.10 0.28 

1.80 0.60 3.34 o.8 3.6 3.7 0.7 

0.05 0.02 1.06 0.3 1.0 0.5 0.2 

- 0.10 1.9 - 1.3 0.8 0.3 

1 • Date aamplea collected on roof of Kuwait Environmental Protection Div. (KBPD) 
2 • Date aamplea collected in family room of the Director of KBPD. 
3 • Date aamplea collected near burning white plume in Wafra oil fields. 
4 • pq/m3 of aelected apeciea from aamplaa collected with annular denuder ayatema. 

0 

cr Ni I' a Zn sn Sr 

.01 .01 1.67 .02 .04 .02 

.003 - 0.69 .01· - -
- 0.2 1.3 0.18 - 0.01 

.002 - 0.4 0.02 - 0.01 

- - 0.97 1.0 - -
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MEMORANDUM 

SUBJECT: 

FROM: 

TO: 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
ATMOSPHERIC RESEARCH AND EXPOSURE ASSESSMENT LABORATORY· 

RESEARCH TRIANGLE PARK 
NORTH CAROLINA 27711 

September 10, 1991 

Summary of Kuwait Oil 
Fire Monitoring Project 

Robert K. Stevens ~j<'l' 
Chief, Source Apportionment 

Research Branch (HD-47) 

Joseph P. Pinto 8f 
Research Physic1st (MD-84) 

Dr. Gary J. Foley 
Director, Atmospheric Research and 

Exposure Assessment Laboratory (MD-75) 

Below are three tables containing a summary of EPA's air quality 
measurements made at ground level sites in Kuwait (Table 1) and measurements made 
from a helicopter platform (Table 2) used to characterize Kuwait oil fire plumes. 
Table 3 contains a summary of canister sampling for volatile organic species 
(VOC's). 

Since a major· purpose of the helicopter sampling program was to characterize 
the chemistry of white and black plumes, separately, care was taken to choose 
plumes with minimum contamination by mixing from other plumes nearby. Individual 
plumes for sampling were chosen in the northwest corner of the northern oil 
fields. These plumes were judged to be least affected by mixing with others. 
In addition, we also obtained measurements in the "superplume", or the plume 
formed by mixing of all sources. 

For the helicopter flights, samples were collected with a new type of 
dichotomous sampler. This device simultaneously collects inorganic gases [sulfur 
dioxide (S02 ) and nitric acid (HN0 3 )) on denuders, and separates the fine (<2.5 
pm) and coarse particles (>2.5 pm) and collects them on three separate filter 
media. One half of the fine particles are collected on a quartz filter and the 
other half on a Teflon filter. The coarse particles are collected on aNuclepore 
filter. The mass and elemental composition of the particles collected on the 
coarse filters are determined by gravimetric and XRF methods respectively. Since 
10% of the fine particles are also present on the coarse fraction, we are able 
to determine the particle size and morphological properties of the plume aerosols 



by SEM/EDX methods. The semivolatile organic species are collected on a Tenex 
trap located downstream of the quartz filter. The S02 and BNO are measured by ~ 
IC analysis of the extract of a denuder that precedes the Teflon filter. The \-~ 
mass and elemental composition of the fine particles are determined by 
gravimetric and XRF methods. 

Ground level samples were collected: (1) from the roof of the air monitoring 
laboratory of the Kuwait Environmental Protection Department (KEPD); (2) at the 
residence of the director, Dr. Mahmood Y. Abdulraheem; (3) the perimeter of the 
Burgan oil fields; and (4) within 25 meters of the fire generating the white 
plume in the Al-Vafra oil field. 

The ground level sampling focused on collecting duplicate fine particle 
samples, on a Teflon filter to measure mass and elemental composition and the 
second one a quartz filter followed by a PUF trap to collect the semi-volatiles. 
Annular denuders preceded the filter packs to collect S02 and BN03 • 

Volatile organic compounds were collected in Summa polished canisters during 
several helicopter flights and at several ground level loctions. Table 3 
contains the dates and location of the canister sample collection. · Ve will 
analyze some of the canister samples at EPA but most will be sent to Dr. Rei 
Rassmussen, Oregon Graduate Center since he provided the VOC sampling system for 
this project. Ve will need to find $12,000 to fund the analysis of these 
samples. 

Ve have completed the XRF measurements of all the airborne and ground level 
samples collected in July and August. The XRF elemental composition data are 
attached. Ve need to send these samples to U of MD where we can have Dr. John 
Ondov determine the trace concentrations of V, Cr, lanthanides, As and Se by 
INAA. Ve estimate this can be completed in 4 weeks at a cost of $14,000. 

Ve need to measure the aliphatic and PAH content in the plume and ground 
level samples to compare with data obtained by KEPD and other groups monitoring 
the Kuwait oil fire emissions. Ve estimate $15,000 will be required to obtain 
these measurements reliably. Ve left (on loan) about $10,000 in air quality 
sampling equipment with KEPD. They need some additional equipment to continue 
their air quality monitoring program in preparation for the fall VBO human PAH 
exposure study. I estimate the cost of this supplemental equipment and 
additional QA measurements to be $35,000. This includes upgrading their 
microblance, fine particle micro-environmental samplers equipped with PUF traps, 
pumps and flow measuring equipment and QA analysis of micro-environmental 
samples. 



() 
Date Location 

7/28-7/29 Roof of 
KEPD 

7/31-8/01 

8/03-8/04 

8/07-8/08 

7/28-7/29 Indoor 

8/05 Al-Wafra 
Field 

8/07 Al-Burgan 
Field 

(l) cv,ce to be done 
(2) gcfms/FID, to be done 
(3) INAA to be done 
(4) pH of extract obtained 

'!'able l 
Ground Level Samoles 

Samples collected 

Teflon 
Quartz/PUFB Haas, 

Denuders ce,cv,organics Elemental 
so2, HNo, Semi-Vol.COnd. XRF,INAA 

X x<1> <2> x<3> 

X X x<4> 

X X X 

X X X 

X X X 

X X X 

X X X 

Nuclepore 
Mass, 

Elemental 
SEM/L 

X 



Table 2 
Helicopter Plume Samples 
July 31 to August 8, 1991 

All sampling was performed between 8-10 AM 

Date Location Samples Collected 

Denuder Fine Particles 

(S02, Quart:r.- Teflon 
HN~) TENNEX Mass, 

(Organics elemental 
eg PAH, composition 

Aliphatics2 (s,v,ni,Pb) 
cv,ce INAA3 

7/21/91 North Fields X X X 
Multiple 
Plumes 

8/02/91 Al Burgan X X X 
Black Plumes 

8/03/91 North Field X X X 
Black Plume 
Sampling 

8/05/91 Near Field X X X 
Super Plume 

8/06/91 Al Burgan X X X 
Super Plume 

8/07/91 North Fields X X X 
White Plume 
Sampling 

8/08/91 Near Source X X 
Super Plume 

1ce,cv to be measured 
~C/MS/FID of the organics to be analyzed 
3INAA to be measured 

Coarse 
Particles 

Uucle:eQre 
Mass, 

SEM/EDEX 
Morpho log-

ical 

X 

X 

X 

X 

X 

X 

A total 22 separate airborne samples were collected on 7 helicopter flights. 
Additional samples could have been collected, however NASA measurements took 
priority over EPA monitoring requests. 



0 
Table 3 

caniater sampling 

Helicopter 

~ Type of Canister ~arnples 
Number 

B-03-91 North Field 9 
Black Plume 

8-04-91 Near Field 2 
Super Plume 

8-05-91 Near Field 8 
Super Plume 

B-07-91 North Field 4 
Super Plume 

Ground Levels 

B-03-91 KEPD 3 

B-05-91 Burgan Field 1 
Near oil lake 

I,J 8-05-91 Al-Wafra 1 
Near Field 

B-07-91 Al-Wafra 2 (duplicates) 
White Plume Expt 

r~) 
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Kuwait Oil Fires : Helicopter Operations 

iHstory: · 

• March 1991 - United Nations Action Plan developed 
to coordinate the international response to the 
health and environmental concerns resulting from 
the oil fires.in Kuwait. 

e April 24 - United States Policy Coordinating committee 
on Oceans, International Environment, and Science 

·(chaired by the Department of State) recommends 
;\ the near-field sampling experiments suggested by 
'·_; NASA/EPA , utitizing the NASA helicopter borne 

sampling techniques, be impl.emented as part of 
the U.S. interagency response to the Kuwait oil fires 
as soon as .possible. 

at April 27-30, the Secretary-General of the World 
Meteorological Organization (WMO) convened a 
conference in Geneva to coordinate international 
responses to the atmospheric part of the UN Action 
Plan. 

• May 17 - U.S. Policy Coordinating Committee agrees 
to fully support the UN response and to integrate U.S. 
efforts into the United Nations program (WMO/WHO) .. 



Kuwait Oil Fires : Helicopter Operations 

Htstory:· 

• June 11 - Saudi Arabian Government ( MEPA) 
informs U.S. Embassy that a Saudi Civil Defense 
helicopter and crew will be committed to the 
NASA/EPA near-field sampling experiments. 

• Saudi scientific participation in the project is to be 
coordinated through Dr; AI-Thuwainy, Director of 
MEPA in Riyadh. 

• . Project becomes joint U.S./Saudi effort. 

• July 3 - Kuwaiti Government agrees· to sr:ientific •:J 
participation in experiments and to grant overflight 
clearances and laboratory facilities at EPD in 
Kuwait City. 

• Kuwaiti scientific participation by EPD and KISR 
anticipated. 

• Project becomes joint U.S./Saudi Arabian/Kuwaiti 
effort. 

2 
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Kuwait Oil Fires : Helicopter Operations 

. 'L. :Purpose: Characteri,zation of source 
' ' emtsswns. 

Identification and Quantification of combustion emiss
ions at the source of burning Kuwaiti oil wells is necessary 
for assessing-potential regional health issues, atmospheric 
and environmental impacts, and verification of combustion/ 
dispersion model predictions. · · · 

'L'L. A.ppro·ach: ·coorcUnatian of sdecte.i 
heUc~pter a.mt. ground. ba.sed. measurements. 

A helicopter based smoke plume sampling system has 
been developed and used by the NASA-Langley Research 
Center to study global biomass burning emissions from 
several global habitats. Research scientists from NASA 
and the U.S. EPA have collaborated to develop a basic 
smoke sampling package (instrumentation, measurement 
objectives, etc.) that combine ground and airborne heli
copter measurements in the near-field to quantitatively . 
characterize of many of the important oil fire emissi.ons. 

_z, 



Kuwait Oil Fires : Helicopter Operations-

'L'L'L. rteasurements: 

A.) NASA/EPA: 

• Carbon dioxide, carbon monoxide, methane 

e . Total hydrocarbons, light hydrocarbons 

• Nitrous oxide 

e Sulfur dioxide 

- • PolynuClear Aromatic Hydrocarbons 

• Acid aerosols (sulfate, nitrate, etc.) 

. • Trace metals 

• Elemental carbon I organic carbon 

e Total aerosol burden 

11 Aerosol size distribution 

e Particle morphology 

J 



0 Kuwait Oil Fires 
NASA Helicopter Measurements 

Black Smoke Plumes 
100~------------------------~ 
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C02 co CH4 NMHC Part. 

Carbon partitioning in black smoke. 



Kuwait Oil Fires 
NASA Helicopter Measurements 

Black Oil Pool Fire Smoke 
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CJ Kuwait OH Fires · · 
NASA Helicopter Measurements 

White Smoke Plume 
100~------------------------~ 

80 

0/o C 

60 
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0 

*Particles with .diameters 
below 2.4 micrometers. 

C02 CO CH4 NMHC Part. 

Carbon partitioning in white smoke. 



Kuwait OH Fires 
NASA Helicopter Measurements 

Mixed-Plume 
100~----~~--~----------~ 
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C02 CO CH4 NMHC Part. 

Carbon partitioning in mixed-plume smoke. 
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0 Kuwait Oil Fires 
NASA Helicopter Measurements . . 
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Percentage of carbon normalized to com
bustion produced carbon in carbon dioxide. 
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Kuwait Oil Fires 
NASA Helicopter Measurements 

Black Oil Pool Fire Smoke 
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Percentage of carbon normalized to com
bustion produced carbon in carbon dioxide. 
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KUWAIT OIL FIRES· 
NASA Helicopter Measurements 

White Plume . 
12----------------------------~ 

10 
o/o C 

8 

6 

4 

2 

CH4 

*Particles of diameters 
over the 0.07 to 2.4 
micrometer interval. 

.. 
...... 

co NMHC Particles 

Percentages of carbon normalized to combustion 
produced carbon in carbon dioxide (mass/mass). 

Measurements obtained in a large white verticle 
smoke plume in the northern oil fields of Kuwait on 
August 7, 1991. 

Note the very high proportion of particulate carbon 
produced relative to carbon monoxide. Since particles 
of diameters greater than 2.4 micrometers have not 
been analyzed yet, this percentage would increase. 



Kuwait Oil Fires 
NASA Helicopter Measurements· 

Mixed-Plume 
5~---------------------------, 

4 

o/o C 
3 

2 

1 

*Particles of diameters 
over the 0.07 to 2.4 
micrometer interval. 

CH4 CO NMHC Particles 

Percentages of carbon normalized to combustion 
produced carbon in carbon dioxide (mass/mass). 

Measurements obtained in the mixed-plume of 
the southern oil fields of Kuwait on August 6, 1991. 
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() Kuwait Oil Fires 
NASA Helicopter Measurements · 
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BP WP 

Total particles(mg), Cl- (o/o T), S04 (0/o T) 
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Wesley R. Cofer III, NASA-Langley Research Center, Atmosp~eric ·sciences Division, (804) 864-5835 

KUWAIT OIL FIRES - NASA/EPA Near-Field Helicopter Source Characterizations. Gas Concentrations. 

Mission 1 •. July 31, 1991. Northern Oil Fields. Winds 3000, 10 Kts. Takeoff 7:10AM. 

--~-------- Concentrations in ppmv -----------

Sample If Type Time Altitude C02 co CH4 TNMHC N20 

1 background 7:25 LT 1000 ft 366 1.28 1.82 o. 76 0.319 
2 " 7:30 1000 ft 368 0.21 1.79 0.61 0.318 
3 " 7:34 200 ft 365 0.24 1.79 0.85 0.319 

4 Bk oil pool-1 7:44 350 ft .399 14.1 1.85 5.91 0.322 
5 " 7:49 350 ft 409 12.2 1.84 8.96 0.325 
6 " 7:52 350 ft 429 18.1 1.88 9.52 0.350 
7 " 7:55 350 ft 398 11.5 1.82 4.49 0.324 
8 li 7:58 350 ft 412 12.1 1.81 5.87 0.331 
9 " 8:00 350 ft 422,,. 11.6 1.84 4.04 0.323 

10 Bk oil poo 1-2 8:03 300 ft 419 10.3 1.83 4.48 0.323 
11 " 9:37 300 ft 399 9.4 1.83 3.94 0.319 
12 " 9:27 300 ft 422 6.7 1.85 3.54 0.320 

13 background 8:10 800 ft 405 5.80 1.81 0.89 0.320 



Wesley R. ·Cofer I II, NASA-Lang] ey Research Center, Atmospheric Sciences Division, (804) 864-5835 

KUWAIT OIL FIRES - NASA/EPA Near-Field Helicopter Source Characterizations. Gas Concentrations. 

Mission 2, August 1, 1991. Northern Oil Fields. Winds 320o, 16 Kts. Takeoff 8:40 AM. 

--~-------- Concentrations in ppmv -----------

Sample if Type Time Altitude C02 co CH4 TNMHC N20 

1 Vert. Bk Pl-2. 9:45 LT 250 ft 375 1.60 1.79 0.57 0.320 
2 II 10:05 250 ft 403 0.90 1.80 0.95 0.322 
3 II 9:55 250 ft 397 1.11 l.SO 0.87 0.317 
4 10:03 250 ft 424 1.20 1.81 1.21 0.323 
5 10:00 250 ft 446 1.22 1.82 1.95 0.323 
6 9:51 250 ft 3911

. 0.83 1.80 1.42 0.322 
7 II 9:47 250 ft 427 3.11 1.81 1.48 0.321 

8 Vert. Bk Pl-1 9:34 300 ft 397 1.85 1.84 2.12 0.322 
9 II 9:37 300 ft 410' 2.82 1.88 2,55 0.321 

10 II 9:27 300 ft 395 3,35 1.87 2.93 0.319 

11 Bk oil pool-3. 9:24 300 ft 418 4.33 1.83 4.62 0,320 

12 .background 9:17 900 ft 364 0.90 ·1.77 0.83 0.320 
13 II 9:09 900 ft 357 0 • .72 L76 0,94 0.323 
14 II 9:07 900 ft 356 0,87 1.82 1.23 0,321 
15 II 10:14 300 ft 355 0,63 1.76 0.82 0.320 
16 II 10: 16 400 ft 354 0.70 1.79 0.73 0.322 

u 0 0 
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wesley R. Cofer III, NASA-Langley Research Center, Atmospheric Sciences Division, (804) 864-5835 

KUWAIT OIL FIRES - NASA/EPA Near-Field Helicopter Source Characterizations. Gas Concentrations. 

Mission 3, August 2, 1991. Southern Oil Fields. Winds 3ooo, 12 Kts. Takeoff 10:50 AM. 

---~------- Concentrations in ppmv -----------I 

Sample # Type Time Altitude C02 co CH4 TNMHC N20 

1 Bk-Oii-Pool-4. 11:25 LT 2!)0 ft 394 2.27 5.61 15.40 0.328 
2 " 11:28 250 ft 401' 2.29 1.98 1.85 0.324 
3 " 11:31 250 ft 393• 3.27 2.57 3.37 0.325 
4 11:35 250 ft 390 2.16 1.80 l. 78 0.318 
5 11:38 250 ft 393 1.51 1.81 1.15 0.323 

6 background 11:41 250 ft 366 0.83 1.78 0.62 0.320 
7 " 11:44 250 ft 359 0.85 1.78 0.76 0.321 



Wesley R. Cofer Ill, NASA-Langley-Research Center, Atmospheric Sciences Division, (804) 864-5835 
·. 

KUWAIT OIL FIRES- NASA/EPA Near-Field Helicopter Source Characterizations. Gas Concentrations. 

i1ission 4, August 3, 1991. Northern Oil Fields. Winds 28oo, 10 Kts. Takeoff 8:30AM. 

----------- Concentrations in ppmv -----------

Sample !I Type Time AI titude CO a' co CH4 TNMHC N20 

1 background 8:52 LT 600 ft 369 0.59 1.80 o. 79 0.321 
2 II 8:53 600 ft 373 0,78 1.81 0.67 0.316 

3 oil lake,no fire 9:17 100 ft 412 4.44 1.81 1.69 0.321 

4 Vert. Bk Plume 3. 9:25 200 ft 441 0.90 1.81 2.30 0,324 
5 II 9:29 200 ft 450 1.33 ·1.82 2.62 0.321 

6 Bk-Oil-Pool-5. 9:42 250 ft 408 1.06 1.83 1.67 0.325 
7 II 9:45 250 ft 410 1.54 1.83 2.17 0.323 
8 II 9:47 250 ft 412 1.25 1.82 2.18 0.323 

9 Vert. Bk Plume 4. 9:53 300 ft 511 0.97 1.81 2.73 0.325 
10 9:55 300 ft 546 1.,14 1.82 2.44 0.321 
11 9:58 300 ft 569 1.22 1.81 2.38 0.324 

12 background 10:02 900 ft 366 0.33 1.78 0.62 0.324 
13 II 10:05 900 ft 369 0.35 1.78 0.76 0.324 

,. 

u u 0 
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Wesley R. Cofer III, NASA-Langley Research Center,.Atmospheric,Sciences Division, (804) 864-5835 

KUWAIT OIL FIRES - NASA/EPA Near-Field Helicopter Source Characterizations. Gas Concentrations. 

Mission 5, August 4, 1991. Northern Oil Fields. Winds 3300, 17 Kts. Takeoff 3:25 AM. 

----------- Concentrations in ppmv -----------

Sample II Type Time Altitude C02 co CH4 TNMHC N20 

1 background 8:45 LT 700 ft 369 0.32 1.78 0.53 0.320 
2 II 8:47 600 ft 359' 0.29 1.79 0.43 0.320 

3 oil pool no fire 3:58 60 ft 387 0.68 1.78 1. 73 0.320 
4 II 9:02 50 ft 409 0.72 1.78 1.08 0.323 

5 Vert. Bk Plume 5. 9:08 250 ft 405 0.64 1.79 o. 75 0.318 
6 II 9:10 250 ft 414 0.70 L81 1.44 0.318 
7 II 9: 13 250 ft 405 0.63 1.82 1.81 0.319 
8 II 9:18 250 ft 393 0.58 1.83 1.82 0.320 

13 Bk-Oii-Pool-6. 9:38 300 ft 397 0.66 1.81 2.20 0.325 
14 II 9:40 300 ft 424 0.89 1.82 2.62 0.323 
15 II 9:43 300 ft 395 0.82 1.80 1.87 0.319 
16 II 9:45 300 ft 409 0.85 1.81 1.51 0.321 

17 White Plume 9:54 300 ft 401 0.72 1. 78 1.50 0.322 

18 background 10:02 400 ft 366 0.23 1.78 0.76 0.319 
19 II 10:05 500 ft 450 ! 0.29 1.78 0.76 0.317 



Wes 1 ey R. Cofer .I II, NASA-Langley Research Center, Atmospheric Sciences Division, {804) 864-5835 

KUWAIT OIL FIRES - NASA/EPA Near-Field Helicopter Sour~e Characterizations. Gas Concentrations. 

Mission 6, August 6, 1991. Southern Mixed Plume. W.i nds 33oo, 5 Kts. Takeoff 8:02 AM. 

----~------ Concentrations in ppmv -----------

Sample !I Type Time Altitude C02 co CH4 TNMHC N20 

1 background 8:08 LT 300 f.t 373 0.32 1.77 0.63 0.323 
2 II 8:10 300 ft 369 0.44 1.78 0.34 0.319 

3 Mixed Plume 8:13 800 ft 402 0;50 1.83 0.81 0.319 
4 II 8:16 700 ft 400 0,66 1.85 0,87 0.319 . 
5 II 8:17 600 ft 397 0.70 1.85 0.87 0.318 
6 II 8:20 600 ft 393 0.56 1.80 0.74 0.321 

7 Mixed Plume 8:26 1000 ft 401 0.59 1.83 0.76 0.319 
8 " 8:28 1000 ft 402 0.47 1.82 0.83 0.321 
9 II 8:30 1000 ft 402 0,66 1.80 0.89 0.319 

10 II 8:32 1000 ft 399 0.96 1.86 1.02 0.321 

11 Mixed Plume 8:45 1000 ft 371 ' 0.54 1.78 0,77 0,333 
12 II 8:46 1000 ft 400 . 1.41 1.83 0.88 0.324 
13 II 8:48 1000 ft 394 1 ~12 1.82 0.70 0,319 
14 II 8:51 1000 ft 396 1.01 1.80 0.61 0.324 

15 14i xed P 1 ume 9:04 1000 ft 391 0,86 l.79 0.58 0.323 
16 II 9:07 1000 ft 389 0.88 1.80 0.57 0.321 
17 . II 9:09 1000 ft 389 0.93 1.79 0.66 0.323 
18 II 9:11 1000 ft 388 1.02 1.80 0,59 0.319 

19 White Plume 9:20 400 ft 439 0.53 2.13 1.15 0.326 

20 background 9:29 300 ft 371 0.~9 1.78 0.49 0.321 

0 0 u 
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Wesley R. Cofer Ill, NASA-Langley Research Center, Atmospheric Sciences Division, (804) 864-5835 

KUWAIT OIL FIRES - NASA/EPA Near-Field Helicopter Source Characterizations. Gas Concentrations. 

Mission 7, August 7, 1991. Northern Fields Whiteplume. Winds 3200, 9 Kts. Takeoff 8:00 AM. 

----------- Concentrations in ppmv -----------

Sample II Type Time Altitude C02 co CH4 TNMHC N20 

1 background 8:30 LT . 800 ft 363 0.22 1.75 0.45 0.318 
2 II 8:31 800 ft 362 0.17 1.75 0.33 0.323 

3 White Plume 8:40 1000 ft 396 0.34 1. 79' 0.89 0.318 
4 II 8:42 1000 ft 417 0.54 1.81 1.17 0.320 
5 II 8:44 1000 ft 442 0.56 1.82 1.26 0.318 
6 II 8:46 1000 ft 381 0.26 1.79 0.93 0.320 

7 White Plume 8:53 1000 ft 401 0.27 1.81 1.13 0.318 
8 II 8:55 1000 ft 377 0.25 1.78 0.95 0.318 
9 II 8:57 1000 ft 413 0.31 1.80 0.89 0.321 

10 II 8:59 1000 ft 397 0.26 1.79 0.92 0.321 

11 White Plume 9:14 1000 ft 417 0.42 1.81 0.91 0.324 
12 II 9:21 1000 ft 395 0.36 1.82 1.05 0.317 
13 II 9:23 1000 ft 524 0.58 1.88 1.69 0.321 
14 II 9:25 1000 ft 406 0.42 1.82 1.13 0.321 

15 background 9:34 1000 ft 369 0.20 1. 78 0.62 0.319 
16 II 9:43 1000 ft 363 0.30 1.75 0. 73 0.322 



Wesley R. Cofer III, NASA-Langley Research Center, Atmospheric Sciences Division, (804) 864-5835 

KUWAIT OIL FIRES - NASA/EPA Near-Field Helicopter Source Characterizations. Particle Concentration. 

Ion Chromatographic Analysis: -~---------------- ug/m3 -----------------------

Filter II Bottle Mission Type Tot wt Cl- NO -3 so4 Na NH 4 K 

1 282 1 0-P-F 1.28 mg 3 22 105 17 6 3 

2 31 2 BP 2,.44 90 70 400 ·75 32 10 
' 

3 25 2 BP (-) 176 20 128 130 4 

33 9 7 WP 5.7 885 6 90 265 5 3 

34 8 7 WP 4.3 838 5 65 233 3 2 

32 20 6 SP (-) 25 4 30 11 2 

19 30 6 SP 1.48 13 3 17 10 2 

4 12 2 BP 3.88 54 3 117 61 7 

5 29 2 BP 1,60 47 - 139 54 16 

3 19 (2nd ext) 2 BP (-) 140 11 128 134 6 

14 14 5 WP 2.5 738 - 105 393 l7 32 

6 33 2 Bk (-) .8 - 2.2 1.9 

7 254 2 Bk H - - - 2.5 

15 27 4 0-P-F 0.9 1 7 140 28 19 

u (J u 
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Wesley R. Cofer Ill, NASA-Langley Research Center, Atmospheric. Sciences Division, (804) 864-5835 

KUWAIT OIL FIRES- NASA/EPA Near-Field Helicopter Source· Characterizations. Particle Concentration. 

Ion Chromatographic Analysis: ------------------ ug/m3 -----------------------
I 

Fi Iter II Bottle Mission. Type Tot wt Cl- NO -3 504 Na NH 4 K 

12 133 6 SP/Bkg (-) 2.1 2.0 9.4 5 2 

10 7 BP 23 16 19 2 

8 15 3 0-P-F 23 3.0 88 49 13 1 

16 36 I 30.8 

9 11 H .5 

13 24 6 SP (~) . 16 1.9 14 15 2 

11 268 2 l 

17 23 7 3 
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Figure 1. Carbon partitioning in (1) black plume, (2) white plume, 
and (3) oil pool fires. * Percentage of carbon in white 
plume reflects many non-carbon aerosol particles. 
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Figure 2. Normalized emission ratios for (1) black plumes, (2) 
white plumes, and (3) oil pool fires. 
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NASA/EPA Helicopter Operations: Kuwaiti Oil Fires 

Wesley R. Cofer III, 
Atmospheric Sciences Division 
NASA-Langley Research Center 
Hampton, VA 23665. 

Missions 

Seven smoke sampling missions were conducted between July 31 and August 8, 

1991, in the Sabriyah {northern oil field) and the Burgan oil field. A Royal 

Saudi Air Force UHlN {HUEY) helicopter and crew were used to acquire samples 

from selected oil fires representing different types of fires and smokP.s. The 

fires/smokes were generically categorized in this study as black smoke plumes, 

oil pool fire plumes, white smoke plumes, and mixed plumes (superplumes). A 

more complete description follows. 

Black Smoke Plumes (BP) - · Plumes resulting from essentially individual 

well fires with little pooling at their base and a sufficiently large 

amount of elemental carbon emissions to produce a visibly dark black 

smoke color. 

Oil Pool Fires (0-P-F) - Fires that were substantially large ponds of 

burning oil typically surrounding one or more actively burning well 

heads. These fires usually produced dark black colored smoke emissions. 

White Plumes (WP) a significant number (est. about 10-15%) of the oil 

fires produced white smoke plumes. These white plumes were sometimes 

isolated, but many times they existed directly beside black smoke pro

ducing fires. Their coloration indicated a much different chemical 

composition. 

·-1-



Mixed or Superplume - the large plume resulting from the mixture of many 

individual smo~e plumes from an oil field. 

Smoke analyses focused on the above generic categories of fires/smokes 

and used gaseous measurements of carbon dioxide (COz), carbon monoxide (CO), 

methane (CH4), nonmethane ·hydrocarbons (NMHC), nitrous oxide (NzO), sulfur 

dioxide (SOz), as well as carbon and sulfur aerosols. Aerosol measurements 

have been used to highlight particulate smoke characteristics for each cate-

gory. Other analyses (e.g., %soot carbon generated, polynuclear aromatic 

hydrocarbons) are being conducted and results will be offered as soon as 

possible. 

Figures 

The partitioning of carbon compounds in the Kuwaiti smoke plumes are 

shown in figure 1. Total particle mass attributed to carbon appears in 

figure 1. Total carbon mass fractions shown in figure 1. are probably 

reasonable for all plumes studied but the white plumes, which contained· 

large amounts of inorganic salts, and will be discussed later. As expected, 

'most carbon emitted from the oi 1 fire combustion can be accounted for _as COz. 

The same results, normalized to COz (~X!~COz, where ~X = compound 

of interest less its background concentration and ~COz its plume concen

tration less background) are shown in figure 2. Normalization with C02 

not only provides the percentages of non-C02 carbon compounds produced by 

the combustion, but also normalizes differences between individual samplings 

(sampling varability due to different times, locations in the plume, etc.). 

In figure 2, the relationship in concentrations of particles (Part), hydro

carbons (NMHC), carbon monoxide (CO), and methane (CH4) emissions among the 

-2-
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generic categories (BP, 0-P-F, etc.) are more clearly seen. 

Figure 3 shows emission ratios for the water extracted inorganic ·ions 

sulfate (so4~), chloride {Cl-), sodium (Na+), and ammonium (NH4+) from 

smoke samples collected on filters over oil pool fires, white smoke plumes, 

and from black smoke plumes. It is readily apparent that chloride and 

sodium concentrations in the white plumes are substantially higher than 

in the oil pool fire and black plume smokes. Elevated levels of calcium 

and carbonates were also determined. Total sulfur concentrations (gaseous 

S02 +sulfate in the aerosol) for the smoke plumes averaged about 0.5%, 

which is lower than would be anticipated from the estimates of sulfur 

content in the Kuwaiti crude. 

Figure 4 summarizes emission ratios determined for the mixed plume 

(superplume). Note the low concentrations for NMHC, CO, and CH4. Particle 

(aerosol) concentrations, however, can be seen to be relatively high. 

Results (Synopsis) 

The precentage of carbon released as C02 is seen (figure 1) to be 

1 owest in the oil poe 1 fires. These fires a 1 so produce the highest 

levels of CO, NMHC, and CH4 (see figure 2). They are thus the "dirtiest" 

and most polluting fires. Efficient combustion of hydrocarbon fuels 

produces mostly C02 and H20 as products. Production of particles and 

other gases represent incomplete combustion, and are produced at the expense 

of C02 and H20. 

The very low levels of co measured in the white plumes, particularly 

in light of the very high levels of aerosol particles measured, is notable. 

This result, however, may be explained by an examination of figure 3. 

-3-



The exceptionally high emission ratios d£!termined for sodium and chloride 

(figure 3) indicate overwhelmingly large ~mounts of inorganic salts for an 

oil combustion plume. This coupled with the distinctly white color of 

the plumes suggest that a large amount of liquid water may be associated 

with the white plume fires. Plume appear1nce coupled our with data would 

suggest that a steam/brine mixture may he emitted along with the combustion 

emissions. If so, this could account for the large amounts of aerosols 

that coexist with relatively low ieveis of combustion products (CO, NMHC, 

etc.) in the white smoke plumes. 

Conclusions 

While the Kuwaiti oil fire smoke plumes manifest pronounced impacts on 

solar radiation in the Gulf region· (sky co.lor, ground temperatures, vi.sibfl

ity, etc.), concentrations of indicators of combustion generated pollution 

suggest that the overall impact of the smoke from these fires may be less 

than anticipated. Su 1 fur emissions (both particulate and gaseous) appear 

to be an example of pollutants that are in lower than predicted concentrations. 

Carbon monoxide generated by the Kuwaiti fires (except for the oil pool 

fires) is another example of a pollutant at lower than expected smoke 

plume concentrations. 

Reconmendation 

Emphasis should be placed on determining the composition of the smoke 

aerosol. Since much of the smoke aerosol is in a respirable size, chemical 

compounds adsorbed or coated on particle surfaces could pose health hazards 

if such particles were trapped in/on the lungs. 
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RESULTS OF ATMOSPHERIC POLLUTION 

IN KUWAIT 

--- GLOSSARY ---

UNITS -pollutants in JlQ/m3 of air at 20• C and normal atmospheric pressure 
-weather conditions wind speed 

N site number on map 

MOY average over the period of measurement 

MAX maximum over 5 minutes for $02, 03, CO, NO and N02 
maximum over 1 hour for BS 

S02 sulfur dioxide 

co 

NO 

BS 

HC 

voc 

PAH 

PPA60: 

LHVP 

IFP 

carbon monoxide 

ozone 

nitric oxide 

nitrogen dioxide 

measurement of panicles suspended in the air by the black smoke method in Jlgfm3 

sample of gaseous hydrocarbons on activated charcoal suppon, analyzed in the 
laboratory by CPG + SM (length : one campaign) 

volatile organic compounds 

sample of polycyclic aromatic hydrocarbons filter + tenax and measurement In the 
laboratory by HPLC 

sample of panicles on cellulose nitrate filter and PAH analyses 

Laboratory of Hygien of Paris City 

French lnstltut of Petroleum 
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ATMOSPHERIC POLLUTION IN KUWAIT 

PART ONE 

I - INTRODUCTION : 

In cooperation with the French and Kuwaiti environment and health ministries, a study of 
atmospheric pollution was undertaken from 26 march to 6 april 1991. 

1-1 -Goals of the study 

1") Aid the Kuwaiti authorities of the ministry of public health which supervises the EPC in 
reactivations the air quality monitoring network in Kuwait City. This network, composed of three 
fixed stations set up in Kuwait City (see map 1) had been suspended during the lraqui occupation 
and had not been able to be reactivated due to a lack of necessary equipment and electrical power. 

2") Inform the authorities of the ministries of the environment and health of the two countries 
of the levels of atmospheric pollution related to the burning oil wells. 

We have therefore worked during the entire campaign in collaboration with the specialists of 
the EPC in consideration their proposal for measuring sites. We must imphasize the logic and 
technical aid given at all times by the detachment of the ·oaguet division' in Kuwait City. 

1-2- Means 

In order to reach the goals mentioned above, the departments and organizations 
responsible for monitoring air quality in the Paris region (AIRPARIF), Central Laboratory of the 
Prefecture of Pollee (LCPP) and Laboratory of Hygien of Paris City (LHVP) transported on site their 
mobile laboratory supplied with a portable generator and specifically equiped to measure 
atmospheric pollution In urban settings, as well as a team of two engineers. 

The vehicle was transported by the special Air Force Plane TRANSAL C 160. 

This equipment is composed of : 

·-a UV absorption ozone (03) , with its sensitivity test, 

-a UV fluorescent sulfur dioxide ($02) analyzer, with its internal reference by calibrated permeation 
tube, 

- an infrared absorption carbon monoxide analyzer linked to an external reference, 

-a chemiluminescent nitrogen oxide (NO + N02) analyzer linked to an external reference (gaz bottle 
with a known quantity of NO), 
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- a sequential particle sampler on cellulose acetate filter, porosity 0,8 micron, for subsequent \~ 
analysis in the laboratory of the compositions of particles there sampled (PPA60) (lenght of 
sampling = 1 hour), measurement of metals (nickel and vanadium were made by LHVP and IFP on 
these samplings (annex VI), 

-a sequential particle sampler OPALE 500 for subsequent determination of the black smokes index 
by reflectometry (measurment of weight index). 

This equipment was completed by systems for air sampling on specific solid supports with a 
view to the determination of others polluants : 

- a sample on "tenaJ.C cartridge" with a view to the determination of "polycyclic aromatic 
hydrocarbons" (PAH), 

-analyses of PAH and metals will also be made on PPA60 samples an on deposits from the black 
smokes sample, 

- samples on activated charcoal tubes with a view to the determination of volatile organic 
compounds (HC) 

PAH and HC samples were analysed by the "Laboratoire d'Hygiene' of the City of Paris and 
the conclusions appear in annexe VI. The following hydrocarbons were measured by LHVP on the 
actif charcoal samplings. Heptane, Octane, Nonane, Decane, Undecane, Tridecane, Benzene, 
Toluene, Ethy-benzene, Meta + Para Xylene, Ortho Xylene, 1, 2, 4 Trimethyl Benzene. Measurements 
of PAH (particulates phases) have been made by LHVP and IFP on samplings of black smokes 
(sampling on cellulose nitrate paper) analysed by HPLC fluorescence detector. PAH measured : 
fluoranthene, Benzo (a) Antracene, Antracene, Benzo (c) Pyrene, Benzo (b) Fluoranth<!ne, Benzo (k) :J 
FLuoranthene, Benzo (a) Pyrene, Dibenzo (a, k) anthracene, Benzo (ghi) Perylene, lndeno (1 ,2,3 ; c, 
d) Pyrene, Pyrene for the VOC and PAH the levels in Paris City are added for comparison annex 6. 

-the black smoke indexes were measured by the 'Laboratoire d'Hygiene' of Paris City, 

-manual detection of some pollutants by specific detector tubes (Draeger tubes). 

The laboratory van Is further equipped with meteorological sensors which can ben mounted 
on a telescopic pole at a high! of 9 meters and which allows acquisitions of the parameters of 
temperature, wind speed and wind direction. For the campaigns after the 3th of April the wind 
direction results were cancelled, the sensor appeared out of order. 

The various pollutant gaz analysers and meteorological sensors are connected to a 
computer system which integrates supplied analog signals and allows mathematical processing of 
the recorded instantaneous values. 

The computer system was programmed in such a way as to acquire for all parameters : 

->average values over 5 or 15 minutes, 

-> instantaneous maximum values read by the instrument during each 5 minutes period (average 
signal over 3 seconds), 

From these parameters the hourly averages and the averages for the length of each study 
were deduced. 
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PART2 

II- GENERAL NATURE OF THE KUWAITI ENVIRONMENT: 

11-1 - Kuwait 

Before the Iraqi occupation and the events which followed, Kuwait had a population of about 
2 millions inhabitants in an area of 16 000 km2, principally concentrated int the capital "Kuwait City" 
and its suburbs. 

The main resource of the country is the extraction of crude oil by about 900 wells distributed 
among various oil fields : 

-AI Rawdatayn, in the north 
-AI Ahmadi et AI Maqwa, in the southeast, 
- AI Walra, in the extreme south, 
-AI Burghan, in the center, 
-AI Mutriba, in the northwest 
(see map) 

Production was about 2 million barrels (1 )/day before the Iraqi invasion. 

(1) reminder: 1 barrel= about 1591iters 

Following the invasion, about 550 of the 900 wells were destroyed and set in fire, about 150 in the 
northern oil fields and 350 in the southern fields (see photos). According to information obtained 
from the Kuwait authorities, consumption of burning wells is on the order of 6 millions barrels/day. 

11-2 - Air Pollution 

These fires are at the origin of massive emissions of smokes which darken the sky to the 
point of creating a black 'night' even in the middle of the day. The population is thus facing very 
spectacular and therefore badly accepted pollution. We have thus sought to quantlfle this pollution 
in order to better infonm the authorities and the public on the basis of objective scientific data. 

PART3 

Ill- ORGANIZATION OF THE STUDY 

111-1 -Principle of organization of the measurement campaigns 

Considering the practical problems encountered in the field, that is : 

- permanent lack of electrical power necessitating the use of a portable generator limited by a range 
of about 18 hours, 
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-security of equipment and personnel during night time operations, 

It was not possible to use the laboratory van over long periods without survey. 
Consequently, two types of measurement campaigns were initiated : 

1") Diurnal (daytime) campaigns, either in town or near the oil fields (in the "plumes" of the 
fires). These campaigns could only be carried out over a limited time which varied, according to the 
site, from 3 to 8 hours ; 

2') Nocturnal (nighttime) campaigns organized according to security conditions: 

a) in closed and guarded Kuwaiti EPC buildings, during the night of 27-28 mars 1991, 

b) on the French military "parking lot" of the New English School (SURRA quarter in the southeast of 
Kuwait City) ; former school building occupied by detachment of the Daguet division. On this 
parking lot, the laboratory van and its portable generator were able to be permanent guarded by the 
french military from the detachment . On this site, campaigns were conducted every night from the 
evening of 28 march to the morning of 5 april with the exception of the night of 29-30 march. 

111-2 - Measuring stations chosen : 

As a function of the problems of installation and security elabored above, 14 campaigns 
varying in length from 3 to 16 hours were conducted. 

During these campaigns, 8 measuring sites were studied : 

- station 1 : EOC headquarters, western quarter of Kuwait City in the industrial zone, near the 
"fourth ring" (4th "ring road") ; 

-station 2 : New English School, "camp of the Dague! detachment", SURRA quarter, southeast of 
Kuwait City, near the "fifth ring" ; 

-station 3 : Mansouriya hospital, downtown Kuwait City, near the "second ring" ; 

- station 4 : oil fields, north of AI Rawdatayn, about 150 km north of Kuwait City, near the iraqi 
border; 

- station 5 : in the village of AI Ahmadi, about 30 km south of Kuwait City near the AI Burgaam, AI 
Ahmadi and AI Magwa oil fields ; 

-station 6: In the AI Ahmadi hospital a few hundred meters south of the AI Ahmadi oil fields ; 

- station 7 : on the "seventh ring', at the 'international Airport" interchange, about 2 - 3 km 
northeast of the AI Magwa oil fields ; 

-station 8: on the "AI Maqwa Road", within the oil fields, crossing the AI Magwa fields (to the west) 
and the AI Ahmadi fields (to the east). 

All of these measuring stations (with the exception of station 4, located outside the map), 
are listed on the maps. Stations 4 is shown on the overall map of Kuwait. 

·.:J 

J 

J 
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111-3 - Classification of the Measuring Stations 

In view of the definitions of the measuring sites described above, it clearly appears that, 
throughout the 10 full days of study, two classes of measuring stations could be defined. 

• Class A : measuring stations for "background pollution located int the city or suburbs, near 
habitations but far from the direct impact of the plumes emitted by burning wells. These stations are 
characterised, presumably by levels which are lower but to which the kuwaiti population is directly 
exposed over long periods of time. These stations are therefore of interest to overall health, 
according to the same classification defined above stations 1, 2, 3, 5 and 6 will be considered class 
A (background pollution). Unusual meteorological conditions may, however, cause these sites to be 
exposed to a high level of pollution. 

* Class B : measuring stations for "proximity pollution" located in the middle of the oil fields in the 
immediate vincinity of the plumes, in the desert fai fiOm any habitations. The levels measured at 
these stations, presumably the highest, represent the "maximum risk" but to which only a small 
sample of the population Is exposed (for example the personnel of the oil companies working in the 
fields or participating in the fire fighting operations). 

Stations numbered 4, 7 et 8, according to the above numeration, will be considered 
characteristic of class B (proximity pollution). 

PART FOUR 

IV- "BACKGROUND POLLUTION" IN KUWAIT : RESULTS 

This section will show results obtained from the measuring stations for background pollution 
(Class A: defined above). The measuring results graphs of hourly evolution, maps and bar graphs of 
frequencies us concentrations are available in the six annexes found at the end of this report. 

IV-1- Measuring station n· 1 (E.P.C.): Campaignn· 1 

The study was conducted from 27 march 1991 at 5:00p.m. (local time (1)) to 2Smarch 1991 
at 9 : 15 a. m., that Is over a period of 16 hours 15 minutes. Computer integration of the gas 
pollutant levels was carried out every quarter hour. 

In the course of this study. an analyzer and transducer breakdown prevented obtaining of 
reliable results with regard to 802 'black smoke" and meteorological parameters. 

During this first campaign, we haven't made any sampling of PAH and VOC. 

With regard to the poii!Jtants measured, the atmospheric pollution seemed very low : 

carbon monoxide (CO) 

general average (over 16 h 15 mn) : 1587 l'g/m-3 ; maximum over 15 mn : 4234j.1gfm-3 
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ozone(03) 

general average : 23 J.Ig/m-3 ; maximum over 15 mn : 79 J.Igfm-3 

nitrogen oxide (NO) 

general average : 77 J.Igfm-3 ; maximum over 15 mn : 227 J.Igfm-3 

nitrogen dioxide (N02) 

general average : 54 J.Igfm-3 ; maximum over 15 mn : 94 J.Igfm-3 

All of the levels measured over 15 minutes are represented on the graphs marked 27/3/91 
in the annex. 

IV-2- Measuring station n· 2: 'New English School' 
(Daguet Detachment): campaigns n· 2, 5, 7, 9, 10, 12 et 14 

The measurements taken at this station are all nocturnal : 7 nights were thus studi"d 
(campaign 2, 5, 7, 9, 10, 12 and 14). These 7 campaigns, of a total duration of about 86 hours 
yielded the results summarised in the synthetic table of results in the annex 5 ; it gives the average 
concentrations observed over the duration of each campaign and the maximal concentrations of gas 
pollutants over 15 minutes for campaign n' 2 and over 5 minutes fa the other campaigns, and the 
maximal hourly levels of black smokes. 

The graphs of pollutants and meteorological parameters, in annexes 1 and 2, which 
correspond to the English School measuring site, show the results obtained in the course of the 7 
campaigns conducted at measuring station n'2 (New English School). 

In general, relatively low concentrations of the pollutants 03, CO, NO and N02 were 
observed. 

Rather low concentrations (30-1 00 m-3) of S02 were measured in 6 out of 7 campaigns. 

During the night of 3-4 April (campaign n' 12), an average concentration of S02 of 472 
~ was observed over a period of more than 12 hours, with a peak lasting 5 minutes of over 
2900 j1Qim3. This same night, an average concentration of black smokes of 231 J.Igfm3 was 
observed, with an hourly maximum of 792 J.Igfm3. This pollution peak appears at 1 h 40 with a 
strongth of wind speed and a growth of the temperature ( + 4' C) for a short time (25 minutes). This 
seems to indicate that the plume from the south oil field was falling down to the ground for a few 
minutes. 

(1) local Ume • Frenchatandlrdtltne + 2houl'l 
-French dl.yHghtMYing time+ 1 hOUI 

ThroughOut thla report the tlrnel given are In local tltne. 
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It must be underlined that this night was marked by rather high winds (3,4 mjs on average ; 
with peaks at 12.4 mjs over 5 minutes) from the south south east sector oriented at 194' on the 
average ; this blowing the plume from the AI Maqwa and AI Ahmadi oil fields, closest to Kuwait City, 
across the city. During the other campaigns, the winds observed were in the majority from the north 
and northwest sectors, thus coming from the Gulf (see corresponding graphs in annex 11) showing 
the meteorological particularities of the night of 2-4 April 1991 -campaign n' 12 English School. 

For the hydrocarbons (VOC), it is the campaign number 9 which shows the highest levels for 
all these parameters in the english school (night from 1 to 2 April 1991). 

These levels are lower than in Paris for the light hydrocarbons and almost two times for the 
heavy ones and the aromatics. Strong enought levels were also measured during the 31/3 to 1 f 4 but 
only for paraHinics. 

With regards to PAH, exept during the night from 3 to 4 of April where the levels are hight, 
the highest levels were registred in English School during the night from 28 to 29 March 1991 
(campaign n' 2): Fluoranthene (24 ngjm3) Benzo (ghi) perylene, indeno pyrene. 

These levels are similars or are lowers that the parisian ones. 

The HPLC analyses made by IFP of the black smokes sampled from 1 to 2 o'clock. The 4th of 
April are the highest mesured by this laboratory on Kuwait results for all the PAH exept Benzo (a) 
pyrene. This is surprising because this sampling is not the worst for the black smokes results. At the 
contrary the VOC levels measured this night are relatively low (campaign n' 10). No measurement of 
metals was made in English School. 

IV-3- Measuring Station n" 3: Mansouriya 
downtown Kuwait City : campaign n a 3 

The study at thissittingwasconducted 29 March 1991 from 11:35 am to 5:05pm, that is, for 
a period of 5 hours 30 minutes. 

This study was conducted with the goal of aiding the E.P.C. in restarting the fixed measuring 
station for atmospheric pollution of the Kuwait City network, shut down for 7 months. The 
measurements taken served as a reference and thus helped to calibrate the analysers in this station. 

The results obtained with regard to gas pollutants are summarized In the graphs of day 29/3 
(annex). 

The levels measured were low. 

Note, however, the high levels of 03 : 81 l'gfm3 over 5 h 30 min ; with a maximum over 5 
minutes of 100 l'gfm3. 

Levels of CO were extremely low,less 700 l'gfm3 in peaks over 5 minutes. 

The results from the mobile laboratory correlated well with those from the fixed station in 
Mansouriya. 

Levels of black smokes were an average of 99 l'gfm3 over 5 hours for a maximal hourly 
value of 1441-'gfm3. Due to theses low levels we dld'nt made any measurement of PAH. 
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The VOC levels are the lowest tor all the campaigns. They are largely lower that the Paris 
levels. 

The nickel and vanadium concentration are also very low. 

The meteorological conditions were marked with low speed winds average less than 2mfs 
from the northern sector (from the Gulf); high temperatures reaching 30" C around 2:00 pm, related 
to strong sunlight, which explains the high ozone levels (weather conditions on graph for 29/3 in 
annexe II). 

IV-4- Measuring station no 5- AI Ahmadi village: campaign no 6 

The study was conducted on 31/3/91 from 11 :00 am to 5:05 pm, that is, tor a period of 6 h 
5min. 

In spite of the relative proximity of the burning wells (about 1.5-2 km), average levels, over 6 
hours were low ; 23 llgfm3 for ozone and 330 llgfm3 for CO (graph in annex). High average levels 
(over 6 hours) of S02and black smokes were recorded: 25211gfm3 of S02 and 159!1g/m3 of black 
smokes. Very high maximum levels of these two pollutants were recorded : 687 llgfm3 of S02 over 
5 minutes, 745!1g/m3 of black smoke as an hourly maximum. 

The VOC levels measured are the highest for the campaigns made outside the oil fields. They 
are double compared with the parisians levels for the paraffinics hydrocarbons and are equal to 
these levels tor the aromatics. But a strong value of ortho xylene (35!1g/m3) is shown. 

These results show the action of the burning fields on the village. 

Two analyses of PAH were made, one by LHVP on the 11 to 13 o'clock sampling, when the 
van was under the plume, the other by IFP on the 14 to 15 sampling, when the pollution was coming 
back to the field because of in draft. 

The first sampling shows levels double more then the second tor all PAH exepted indeno 
pyrene. The only value for indeno pyrene ( 40 ngjm3) is largely highest than the Paris levels. 

No measurement of metals was made on this sampling site. 

From the meteorological standpoint, very low winds were observed {0,6 m/s on average). 

The direction of these winds, In great majority form the south to southwest sector, that is, in 
the direction of the wells, showed the Importance of the in-drafs toward the wells created by the 
fires. From this standpoint, during this campaign a black plume was noticed passing at a high 
altitude In a north to south direction as well as win<1s In the opposite direction, that is, south to 
north, at ground level (see graphs of weather conditions on 31/3/91 ). 

IV-5- Measuring station no 6- AI Ahmadi Hospital: campaign no 8 

The hospital, located northwest of the village, is very close to the wells (about 500 m to the 
south). 

Note the significance of this site from the health standpoint, considering the type of 
population exposed (the sick especially lung patients). 

C) 

··~ 
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This campaign was conducted on 1 j 4/91 from 12:25 pm to 5:40 pm, that is, over a period of 
5 h 15 minutes. 

The levels measured were relatively low for 03 and N02, and very low for CO and NO. Rather 
high levels of S02 and black smoke were observed principally at the beginning of the campaign 
(until about 4:30pm) (see graphs for 01/04 in annex). 

This sampling site was rarely under the plume of the oil fields, so the VOC and PAH levels 
are low. 

Three measurements of nickel and vanadium were made between 15 and 18 o'clock. The 
concentration in vanacjium are about 70 ngjm3 and so, low. The nickel, levels are anormaly high for 
one of the sampling. Maybe a problem of metrology because the sampled quantities are small for 
the measured concentrations. 

From the meteorological standpoint, high winds (2,4 mjs on average) from the south and 
southwest sectors, thus toward the wells, were observed principally at the end of the campaign 
(graph for 01/04/91 in annex II). 

IV-8 -Conclusions Concerning Measurements of Background Pollution 

The study carried out at the background pollution sites most often showed low or extremely 
low levels of CO and NO. 

Under unfavorable meteorological conditions, with the plume emanating from the wells 
touching the ground, very high levels of the pollutants S02 and black smokes were observed. These 
conditions occurred rarely : only on the night of 3-4 April. The meteorological results penmitted, to 
show the complexity of the movements of air masses ; it was thus shown that at ground level the in
draft created by the combustion at the wells could be considerable in the direction "town-wells". It is 
in all likelihood this phenomenon that is the main parameter explaining the low levels most often 
observed. 

High levels of PAH and VOC appears during the night from 3 to .4 of April 1991 in English 
School. A peak only limited to paraffinics hydrocarbons is also shown during the 31/3 to 1/4 night in 
the same site. 

The campaign in Ahmadi village, where the sampling site was under the south oil fields 
plumes shows also high levels for the paraffinlcs hydrocarbons. 

PART FIVE 

V - "PROXIMITY POLLUTION" IN KUWAIT : RESULTS 

V-1 -Principle of the Campaign 

Considering the results of background pollution observed (see part IV), It seemed of major 
importance to look for measuring sites In close proximity to the burning wells, directly in the plume 
emitted by the fires. 
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The mobility of the equiment and electrical autonomy (tractor-drawn electrical generator) "] 
\ out allowed for 3 campaigns responding to this desire to look for the maximum risk to be carried 

out. 

V-2- Measuring Station n· 4- AI Rawdatayn northen oil fields 
(near the Iraqi border): campaign no 4 

The laboratory van was set up in the middle of the northern oil fields some 200 meters from 
the nearest burning wells at a location where, quite obvlousy, the impact of the surrounding plumes 
was maximal. The campaign was conducted on 30/3/91 from 2:05pm to 5:15pm, that is, over a 
period of 3 h 1 0 min. 

Very low or practically nonexistent levels of CO, NO and N02 were observed. 

High levels were observed of ozone (about 100 llgfm3 on average over 3 hours), 802 (270 
JJQ/m3 on average) and black smoke (265 pg/m3 on average). Manual detection evaluated C02 
levels at 600 ppm. 

The small length of this campaign didn't allowed measurement of VOC and metals. The HAP 
measured by IFP are low. 

From the meteorological standpoint, extremely violent winds were measured (8.4 mjs on 
average) with gusts of up to over 15 mjs or nearly 55 km/h), a phenomenon which confirms the 
important role of in-drafts at ground level created by the fires) (see graphs for 30/3/91 in annexe 1) .. 

V-3- Measuring Station no 7- "Seventh Ring• : campaign n• 11 

On the 'Seven Ring' highway about 30 km south of downtown Kuwait City, at the level of the 
International Airport interchange, this measuring station is located halfway between the AI Maqwa 
fields (to the west) and the AI Ahmadi fields (to the east) and is subjected to maximal fallout from the 
various plumes. 

This campaign was conducted on 3/4/91 from 10:15 am to.6:05 pm, that i~. for a period of 7 
h 50 min. 

Very low or practically nonexistent levels of CO, NO and N02 were observed. 

High levels of ozone (86 JIQ/m3 on average) and very significant levels of 802 (495 !lgfm3 
on average with a maximum of 1223 over 5 minutes) and black smoke (595 J1g/m3 on average over 
7 hours with an hourly maximum of 1365) were recorded (see graphs for 3/4/91 In annex 1). 

Manual detection estimated the level of C02 at 50Q-600 ppm. 

VOC ~ured during the 11th campaign shows globaly the highest levels measured. 
Theses levels are particularely high for heavy paraffinlcs hydrocarbons (10 times the Paris levels). 
They are low for the aromatics: 

PAH analyses made by IFP on the 17 to 18 h sampling show very low levels this the level of 
black smokes is very high. 

PAH analyses made by LHVP on the 10to 12 h samplings shows high levels for fluoranthene 
(37 ngjm3) and lndeno pyrene (17 ngjm3) but other PAH have low levels. ·:J 
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On this site a sampling of 7 hours using a card ridge (tenax and glass fiber filter) was made to 
measure PAH in both gaseous and particulate phase. Analyses of these sampling showed quiet no 
PAH in gaseous phase exepted fluoranthene (17 ngjm3). Levels detected as the particulate phase 
were low for all PAH. 

Measurement of metals on 11 h to 12 h and 17 h to 18 h show 200 ngfm3 of vanadium. 

From the meteorological standpoint, extremely high winds from the eastern sector (toward 
the AI Ahmadi fields} were recorded (11 mjs on average with peaks over 5 minutes of about 20 mjs 
or about 75 km/h) (see graphs for 3/4/91 on annexe II}. 

V-4- Measuring Station n· 8- AI Maqwa southern oil fields: 
campaign n· 13 

This site was chosen in the middle of the oil fields some 250 meters from the nearest well. 

The campaign was conducted on 4/4/91 from 11:05 am to 5:00pm, that is, over a period of 
about 6 hours. 

Very low levels of CO and NO rather low levels of N02 ; rather high levels of ozon (71 pgfm3 
on average over 6 hours) and very high levels of 802 (215 pgfm3 on average, with a maximum over 
5 minutes of 1833 pgfm3) were recorded. 

Exceptionally high levels of black smoke were noted (818 pgjm3 on average with an hourly 
maximum of 2030} (see graphs for 4/4/91 in annex 1). 

Levels for yoc measured during this campaign are low exepted for heavy paraffinic 
hydrocarbons (decane, undecane, tridecane). 

PAH analyses on 11 to 14 h sampling which is the worst sampling for back smokes give the 
highest levels for fluroanthene (110 ngjm3}, Benzo (c) Pyrene (26 ng/m3), Benzo (a) Pyrene (30 
ng/m3}, Benzo (ghi) Perylene (26 ngfm3}, lndeno Pyrene ( 41 mgjm3}}. These levels, in average, 
are double from the parisian ones. 

The metals concentrations (nickel and vanadium) are low. 

High winds in the direction of the wells were recorded (5.8 mjs on average). 

V-5 -Conclusion Concerning Measurements of Proximity Pollution 

The measurements of proximity pollution allowed the following conclusions to be drawn : 

- absence of CO and NO pollutants ; 
- very low levels of N02 ; 
- rather high levels of ozone ; 
-very high levels of 802 and black smoke. 

With regard to VOC relatively high levels of heavy parafflnics hydrocarbons were shown. 
Levels of light hydrocarbons and aromatics are low exepted orthoxylene. The light hydrocarbons 
seems to be destroyed by combustion. The only heavy product are staying in the air. 
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The contamination of particules by PAH seams to be relatively low. It is largely changing for 
the differents sites and for the differents PAH. The gaseous phase didn't contain theses pollutant 
exepted fluoranthene. 

The borne concentration of metals is also low. 

At the proximity sites studied, very high winds were always found, confirming the in-draft 
near the wells. 

PART SIX 

VI - ASSESSMENi AND CONCLUSIONS 

In conclusion, the study conducted from 24 March to 5 April 1991 in Kuwait showed that the 
atmospheric pollution was most often low at ground level at sites where the population is exposed. 
High levels were recorded at the sites in the vicinity of the wells or whenever their emissions 
influenced distant sites, but only relative to the pollutants ozone (occasionally, but may be of 
advective origin), S02 and black smoke. 

However the meteorological conditions, often very unstable and favorable to dispersion, 
which prevailed during the ten days of campaigns, must be underlined. 

A meteorological situation with stable air masses and low wind speeds placing Kuwait City 
down wind of an oil field would certainly lead to higher levels. 

Among the most striking conclusions, the following should be underlined : 

- the near absence of CO ; 

-the very low levels of NO; 

- the high levels of ozone, which may be considered "normal" taking into account the latitude and 
amount of sunshine which Is related, and the high atmospheric instability (advection ?) ; 

- the very high levels of S02 and black smokes, either near the wells or in town with unfavorable 
weather conditions, this phenomenon rarely appears during the campaign. 

Exepted In the 3 to 4 April, night in Kuwait City and in the oil fields, the VOC and PAH levels 
are lower than In Paris. 

The praphs In annex Ill summarise these conclusions. These bar graphs of frequency VS 
concentration, established on the overall 5 minutes data for NO, N02, CO, 03, S02 and hourly data 
for NO, N02, CO, 03, S02 and black smokes and for all of the measurement campaigns over 1 0 
days, take Into consideration the overall exposure of the mobile laboratory and thus the cumulative 
exposure of a person following the vehicle during the 1 0 days of measurement. 

The meteorological conditions proved to be very complex and marked by significant in
drafts in the direction of the fires, a phenomenon rather favorable to the dispersion of atmospheric 
pollution at ground level. 
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The table in annex 5 gives a synoptic summary of all of the measurements taken and of the 
results obtained throughout the 14 campaigns. 

Finally, in annex V, for purposes of comparison, can be found the standards of air quality 
defined this the EEC directives as well as the average annual levels of S02, black smoke and NOx 
(NO + N02) in Paris, as well as the overall results of the various measurement campaigns, and maps 
of the region. 

Doctors MASSE and LAFUMA from French Atomic Energy Commissariat accepted to 
comment the possible health consequancies of these pollutions levels. 

Here is their opinion : 

Airborne toxicants in Kuwait atmosphere have been measured repetedly between Marc 27 
and April 4. Results showed a complicated situation with multiple pollutants involved, among which 
S02 and black smokes were the two major c_onstituants. The greatest concern comes from long term 
exposure to their combined effects on human airways. 

On the ground basis of experimental data and epidemiological data, obtained up to now in 
northern countries from Europe and America, it may be feared that peak values of both pollutants be 
associated with increased morbidity and mortality due to bronchopulmonary diseases ; however, 
wether these observations apply or not to hot and dry climatic conditions is not known, and it may 
well be that no effect be observed. 

Moreover, most measures made in Kuwait City were very comparable to those observed in 
Western cities and did not reach limit values set by WHO Guidelines for chronic exposure ; 
unexpectedly vanadium levels, which have been considered as good indices of fuel burning, 
remained fortunately low, and therefore there is no adverse synergism to predict from potential 
cytotoxicity on lung macrophages. 

Although the risk of specific diseases appears to remain relatively low, it is recommended to 
survey groups at risk, and notely children and asthmatic patients, owing to the expected long 
duration of the situation. 

As regards other pollutants like ozone, NOx and CO, their levels in Kuwait atmosphere 
appaeared lower than those observed in western big cities. Their contribution appeared therefore 
very limited. 

Some possible carcinogens, such as polycyclic aromatic hydrocarbons and nickel, were 
detected at low concentration In black smokes. This drew the attention to the risk of cancer 
induction. However the levels of these toxicants are also actually lower than those observed in many 
urban atmospheres. Finally, It turns out that the only constituant which needs further informations is 
carbon black itself, which makes up the greatest moiety of the airborne particulate material. It is a ill 
dalined compound, strongly adsorbing putative carcinogens, whose nature may differ in fonctlon of 
burning conditions. It is recommended that the material be collected locally and sent to French 
laboratories tor blogical assays, including estimate of carcinogenic potency. Preliminary results 
could be obtained within a few months. 
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Temporal evolution of measurements of atmospheric pollutants 

S02, 03, NO, N02 

Basic data integrated over 5 minutes 

BS "black smoke" 

Basic data Integrated over 1 hour 
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KUWAIT STUDY 

27 march to 4 april 1991 

ANNEXEJ/1 

Bar graphs offrequency VS concentration of the various pollutants 

established for the totality of the results of the various series of measurements 

(5 minutes or 1 hour) 
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KUWAIT STUDY 

27 march to 4 april 1991 

ANNEXEN 

Results of measurements of "pollutants and meteorological parameters• 

of the various measurement campaigns established hourly 
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AIRPARIF : ATMOSPHERIC POLLUTION MEASUREMENT CAMPAIGN "KUWAIT" 

KUWAIT CITY "ENVIRONNEMENT PROTECTION COUNCIL" 27 MARCH 1991 NIGHT 

POLLUTION AND METEOROLOGICAL DATA; HOURLY MEANS 

·•******************************************************************************************** 
'DATE TIME * 03 H S02 H CO H NO H N02 H VV H DV H T H * 

* ug/m3 ug/1113 ug/1113 ug/1113 ug/m3 m/s degre oC * 
* * 

'********************************************************************************************* 
* * 

"27/03/91 18:00:00 * 68 1014 12 39 * 
* * 

Zi/03/91 19:00:00 " 49 836 2 56 .. 
* * 

"27/03/91 20:00:00 * 28 765 22 71 * 
* * 

27/03/91 21:00:00 * 10 1228 79 89 * 
* * 

'27/03/91 22:00:00 * 10 2153 131 78 * 
* * 

'27/03/91 23:00:00 * 12 3185 209 72 * 
* * 

"28/03/91 00:00:00 * 16 4181 208 65 * 
* J '28/03/91 01:00:00 * 21 3487 153 64 
* * 

'28/03/91 02:00:00 * 17 3096 148 67 * 
* * 

'28/03/91 03:00:00 * 10 1939 100 63 * 
* * 

'28/03/91 04:00:00 * 11 2082 118 48 * 
* * 

'28/03/91 05:00:00 * 16 552 9 34 * 
* * 

'28/03/91 06:00:00 * 13 196 12 35 * 
* * 

'28/03/91 07:00:00 * 12 498 37 40 * 
* * 

'28/03/91 08:00:00 * 24 302 19 36 * 
* * 

'28/03/91 09:00:00 * 41 338 9 31 * 
* * 

'28/03/91 10:00:00 * 36 847 45 46 * 
* * 
* * 

'********************************************************************************************* 
' • MEAN * 23 1571 77 55 * • * * • MAXIMUM * 68 4181 209 89 * 

-··******************************************************************************************* 

~ 



0 
AIRPARIF : ATMOSPHERIC POLLUTION MEASUREMENT CAMPAIGN "KUWAIT" 

KUWAIT CITY ENGLISH SCHOOL 28 MARCH 1991 NIGHT 

POLLUTION ANO METEOROLOGICAL DATA; HOURLY MEANS 

:********************************************************************************************* 
"DATE TIME * 03 H S02 H CO H NO H N02 H VV H DV H T H * 

* ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 m/s degre oC • 
* • 

·•******************************************************************************************** 
* • 

28/03/91 21:00:00 * 3 8 2615 58 46 1 185 308 • 
* • 

"28/03/91 22:00:00 * 2 17 2366 82 12 1 216 404 • 
* • 

"28/03/91 23:00:00 * 2 15 3149 73 10 1 240 407 • 
* * 

"29/03/91 00:00:00 * 5 44 3327 76 10 1 242 404 * 
* * 

'29/03/91 01:00:00 * 1 72 1655 14 7 1 266 411 * 
* * 

'29/03/91 02:00:00 * 1 62 1050 6 7 2 270 426 • 
* * 

() "29/03/91 03:00:00 * 7 20 694 2 6 1 243 421 * 
* • 

'29/03/91 04:00:00 * 9 9 729 7 5 1 172 402 * 
* • 

'29/03/91 05:00:00 * 7 0 872 3 5 1 175 391 * 
* * 

'29/03/91 06:00:00 * 19 1 907 14 3 1 173 403 * 
* * 

'29/03/91 07:00:00 * 26 0 890 1 3 1 169 407 * 
* * 

'29/03/91 08:00:00 * 7 22 1635 30 10 1 212 391 * 
* * 
* * 

~********************************************************************************************* 
MEAN * 7 23 1657 31 10 1 214 398 * 

* * 
MAXIMUM * 26 72 3327 82 46 2 270 426 * 

'********************************************************************************************* 

(J 



AIRPARIF : ATMOSPHERIC POLLUTION MEASUREMENT CAMPAIGN "KUWAIT" 

KUWAIT CITY "MANSOURIYA" 29 MARCH 1991 DAY 

POLLUTION AND METEOROLOGICAL DATA; HOURLY MEANS 

~********************************************************************************************* 
'DATE TIME * OJ H S02 H CO H NO H N02 H VV H DV H T H * 

* ug/1113 ug/1113 ug/1113 ug/1113 ug/1113 m/s degre oC * 
* • 

t********************************************************************************************* 
* • 

'29/03/91 13:00:00 * 65 6 142 2 26 2 184 25 • 
* * 

'29/03/91 14:00:00 * ii 13 237 l 26 2 203 28 * 
* * 

'29/03/91 15:00:00 * 95 4 120 1 15 2 178 29 * 
* * 

'29/03/91 16:00:00 * 94 2 36 1 22 2 205 29 • 
* • 

'29/03/91 17:00:00 * 90 2 77 2 30 2 205 28 • 
* * 

'29/03/91 18:00:00 * 86 14 279 3 42 2 289 28 * 
• * * • * * 
"******************************************************************************************·,) 
' MEAN * 85 7 149 2 27 2 211 28-. 
• * * • MAXIMUM * 95 14 279 3 42 2 289 29 * 
~********************************************************************************************* 
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AIRPARIF : ATMOSPHERIC POLLUTION MEASUREMENT CAMPAIGN "KUWAIT" 

KUWAIT NORTHERN OIL FIELDS 30 MARCH 1991 DAY 

POLLUTION AND METEOROLOGICAL DATA; HOURLY MEANS 

~********************************************************************************************* 
'DATE TIME * 

* 
* 

03 H 
ug/113 

S02 H 
ug/1113 

CO H 
ug/1113 

NO H 
ug/1113 

N02 H 
ug/1113 

VV H 
m/s 

DV H 
degre 

T H * 
oC * 

* 
r********************************************************************************************* 

* * 
"30/03/91 15:00:00 * 103 437 24 1 21 * 

* * 
'30/03/91 16:00:00 * 106 311 83 1 19 * 

* * 
'30/03/91 17:00:00 * 105 81 210 1 13 * 

* * 
"********************************************************************************************* 

* * 
MEAN * 105 276 106 1 18 * 

* * 
MAXIMUM * 106 437 210 1 21 * 

* * 
:********************************************************************************************* 



AIRPARIF : ATMOSPHERIC POLLUTION MEASUREMENT CAMPAIGN "KUWAIT" 

KUWAIT CITY ENGLISH SCHOOL 30 MARCH 1991 NIGHT 

POLLUTION AND METEOROLOGICAL DATA; HOURLY MEANS 

"********************************************************************************************* 
DATE TIME * 03 H S02 H CO H NO H N02 H VV H DV H T H * 

* ug/113 ug/113 ug/113 ug/113 ug/113 m/s degre oC * 
* * 

"********************************************************************************************* 
* * 

30/03/91 22:00:00 * 11 18 1951 2 182 24 * 
* * 

"30/03/91 23:00:00 * 3 22 1441 0 259 23 * 
* * 

31/03/91 00:00:00 * 2 55 2586 0 133 23 * 
* * 

31/03/91 01:00:00 * 8 135 3766 0 139 22 * 
* * 

"31/03/91 02:00:00 * 11 27 4567 0 155 21 * 
* * 

'31/03/91 03:00:00 * 5 5 3072 0 157 21 * 
* * 

'31/03/91 04:00:00 * 2 5 1228 1 108 21:.:] 
* 

'31/03/91 05:00:00 * 15 5 326 1 184 21 * 
* * 

'31/03/91 06:00:00 * 38 5 184 1 256 21 * 
* * 

'31/03/91 07:00:00 * 52 3 178 3 205 21 * 
* * 
* * • * 

'********************************************************************************************* 
MEAN * 15 28 1930 1 178 22 * 

* * 
MAXIMUM * 52 135 4567 3 259 24 * 

t********************************************************************************************* 
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AIRPARIF : ATMOSPHERIC POLLUTION MEASUREMENT CAMPAIGN "KUWAIT" 

KUWAIT "AHMADI VILLAGE SOUTH" 31 MARCH 1991 DAY 

POLLUTION AND METEOROLOGICAL DATA; HOURLY MEANS 

********************************************************************************************* 
DATE TIME * 03 H 502 H CO H NO H N02 H VV H DV H T H * 

* ug/1113 ug/m3 ug/1113 ug/m3 ug/m3 m/s degre oC • 
* • 

********************************************************************************************* 
* • 

31/03/91 12:00:00 * 48 445 148 1 255 24 • 
* • 

31/03/91 13:00:00 * 14 283 261 1 181 22 • 
* • 

31/03/91 14:00:00 * 4 337 670 0 132 20 • 
* • 

31/03/91 15:00:00 * 16 151 47 1 23 21 • 
* • 

31/03/91 16:00:00 * 22 282 403 0 17 22 * 
* * 

31/03/91 17:00:00 * 29 2 516 0 36 21 * 
* • 
* * 

********************************************************************************************* 
MEAN * 22 250 341 1 107 22 • 

* * 
MAXIMUM * 48 445 670 1 255 24 * 

********************************************************************************************* 



AIRPARIF : ATMOSPHERIC POLLUTION MEASUREMENT CAMPAIGN "KUWAIT" 

KUWAIT CITY ENGLISH SCHOOL 31 MARCH 1991 NIGHT 

POLLUTION AND METEOROLOGICAL DATA; HOURLY MEANS 

'********************************************************************************************* 
'DATE TIME * 03 H S02 H CO H NO H N02 H VV H DV H T H * 

* ug/1113 ug/1113 ug/1113 ug/m3 ug/m3 m/s degre oC * 
* * 

:********************************************************************************************* 
* * 

'31/03/91 23:00:00 * 2 7 925 0 330 22 * 
* * 

'01/04/91 00:00:00 * 4 19 1207 0 92 23 * 
* * 

'01/04/91 01:00:00 * 7 40 3140 0 235 22 * 
* * 

'01/04/91 02:00:00 * 16 349 3457 0 324 22 * 
* * 

'01/04/91 03:00:00 * 17 256 671 0 341 23 * 
* * 

'01/04/91 04:00:00 * 9 74 807 0 322 21 * 
* * 

'01/04/91 05:00:00 * 15 45 353 0 65 21J 
* 

'01/04/91 06:00:00 * 36 8 249 1 43 22 * 
* * 

'01/04/91 07:00:00 * 34 24 244 2 211 22 * 
* * 

'01/04/91 08:00:00 * 26 61 397 2 319 22 * 
• * * • * * 
'********************************************************************************************* 
• MEAN * 17 88 1145 1 228 22 * 
• * * • MAXIMUM * 36 349 3457 2 341 23 * 
~********************************************************************************************* 
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AIRPARIF : ATMOSPHERIC POLLUTION MEASUREMENT CAMPAIGN "KUWAIT" 

KUWAIT "AHMADI HOSPITAL" 01 APRIL 1991 DAY 

POLLUTION AND METEOROLOGICAL DATA; HOURLY MEANS 

(********************************************************************************************* 
'DATE TIME * 03 H S02 H CO H NO H N02 H VV H DV H T H * 

* ug/1113 ug/113 ug/1113 ug/m3 ug/1113 m/s degre oC * 
* • 

'********************************************************************************************* 
* * 

'01/04/91 14:00:00 * 25 91 332 7 39 29 103 676 • 
* * 

'01/04/91 15:00:00 * 43 124 439 0 27 48 139 783 * 
* * 

'01/04/91 16:00:00 * 53 9 581 1 29 60 16 1151 * 
* * 

'01/04/91 17:00:00 * 55 2 522 0 30 60 5 1044 * 
* * 

'01/04/91 18:00:00 * 35 2 552 0 45 39 7 * 
' * * 

* * 
~·•••***************************************************************************************** 
' MEAN * 42 46 485 2 34 47 54 914 * 

* * .. MAXIMUM * 55 124 581 7 45 60 139 1151 * 
t********************************************************************************************* 



\:) 
AIRPARIF : ATMOSPHERIC POLLUTION MEASUREMENT CAMPAIGN " KUWAIT " 

KUWAIT CITY " ENGLISH SCHOOL " 01 APRIL 1991 NIGHT 

POLLUTION AND METEOROLOGICAL DATA; HOURLY MEANS 

********************************************************************************************* 
DATE TIME * 03 H S02 h co h NO h N02 h VV H DV h T h * 

* ug/113 ug/113 ug/1113 ug/113 ug/m3 m/s degre oC * 
* * 

********************************************************************************************* 
* * 

01/04/91 20:00:00 * 2 60 984 0 34 21 * 
* * 

01/04/91 21:00:00 * 3 81 3351 0 36 21 * 
* * 

01/04/91 22:00:00 * 3 58 3434 0 271 20 * 
* * 

01/04/91 23:00:00 * 6 30 3422 0 325 20 * 
* * 

02/04/91 00:00:00 * 6 24 3891 0 332 20 • 
* * 

02/04/91 01:00:00 * 4 105 5450 0 339 20 • 
* * 

02/04/91 02:00:00 * 5 217 6702 0 326 190 
* 

02/04/91 03:00:00 * 23 201 7253 0 7 18 * 
* * 

02/04/91 04:00:00 * 4 119 6269 0 22 18 * 
* * 

02/04/91 05:00:00 * 5 94 6215 0 32 18 * 
* * 

02/04/91 06:00:00 * 1 43 6132 0 38 17 * 
* * 

.02/04/91 07:00:00 * 0 9 4163 0 207 18 * 
* * 

********************************************************************************************* 
MEAN * 5 87 4772 0 164 19 * 

* * 
MAXIMUM * 23 217 7253 0 339 21 * 

********************************************************************************************* 



0 
AIRPARIF : ATMOSPHERIC POLLUTION MEASUREMENT CAMPAIGN "KUWAIT" 

KUWAIT CITY ENGLISH SCHOOL 2 APRIL 1991 NIGHT 

POLLUTION AND METEOROLOGICAL DATA; HOURLY MEANS 

:********************************************************************************************* 
'DATE TIME * 03 H S02 H CO H NO H N02 H VV H DV H T H * 

* ug/113 ug/1113 ug/m3 ug/m3 ug/m3 m/s degre oC * 
* * 

:********************************************************************************************* 
* * 

'02/04/91 18:00:00 * 14 6 53 1 327 21 * 
* * 

'02/04/91 19:00:00 * 7 5 694 1 323 21 * 
* * 

'02/04/91 20:00:00 * 1 5 445 1 333 21 * 
* * 

'02/04/91 21:00:00 * 1 6 919 0 346 21 * 
* * 

'02/04/91 22:00:00 * 2 47 1827 0 96 21 * 
* * 

'02/04/91 23:00:00 * 3 61 3090 0 34 19 * 
* * 

i:J '03/04/91 00:00:00 * 2 124 2959 0 42 20 * 
* * 

'03/04/91 01:00:00 * 1 43 1827 0 274 19 * 
* * 

'03/04/91 02:00:00 * 2 5 1245 0 336 18 * 
* * 

'03/04/91 03:00:00 * 2 5 362 0 342 19 * 
• * * 
'03/04/91 04:00:00 * 5 5 415 0 183 18 * 
• * * 
•OJ/04/91 05:00:00 * 17 5 243 1 22 18 * 
• * * 
•oJ/04/91 06:00:00 * 3 10 302 1 23 19 * 
• * * 
•oJ/04/91 07:00:00 * 4 223 1115 1 34 20 * 
• * * 
•03/04/91 08:00:00 * 20 126 2294 2 130 20 * 
• * * • * * 
~********************************************************************************************* 
• ·MEAN * 6 45 1186 1 190 20 * 
• * * • MAXIMUM * 20 223 3090 2 346 21 * 
********************************************************************************************** 

0 



AIRPARIF : ATMOSPHERIC POLLUTION MEASUREMENT CAMPAIGN "KUWAIT" 

KUWAIT "RING 7 TH /AEROPORT" 03 APRIL 1991 DAY 

POLLUTION AND METEOROLOGICAL DATA; HOURLY MEANS 

'********************************************************************************************* 
•DATE TIME * 03 H S02 H CO H NO H N02 H VV H DV H T H • 

* ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 m/s degre oC • 
* * 

(********************************************************************************************* 
* * 

'03/04/91 11:00:00 * 33 83 8 52 5 251 23 • 
* * 

'03/04/91 12:00:00 * 55 174 36 16 47 8 108 22 • 
* * 

'03/04/91 13:00:00 * 89 198 0 0 24 10 45 22 * 
* * 

'03/04/91 14:00:00 * 104 534 0 1 28 12 281 22 * 
* * 

'03/04/91 15:00:00 * 112 613 0 0 23 13 287 22 • 
* * 

'03/04/91 16:00:00 * 123 345 0 1 18 13 304 22 * 
* * 

'03/04/91 17:00:00 * 115 948 6 2 27 12 326 22 * 
* 

23J '03/04/91 18:00:00 * 109 945 112 24 45 13 305 
* * 
* • 

~********************************************************************************************* 
MEAN * 93 537 30 7 33 11 238 22 * 

' * * • MAXIMUM * 123 948 112 24 52 13 326 23 * 
t********************************************************************************r.************ 



0 
AIRPARIF : ATMOSPHERIC POLLUTION MEASUREMENT CAMPAIGN "KUWAIT" 

KUWAIT CITY ENGLISH SCHOOL 3 APRIL 1991 NIGHT 

POLLUTION AND METEOROLOGICAL DATA; HOURLY MEANS 

********************************************************************************************* 
DATE TIME * 03 H S02 H CO H NO H N02 H VVH DV H T H * 

* ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 m/s degre oC * 
* • 

********************************************************************************************* 
* • 

03/04/91 21:00:00 * 54 244 36 4 49 21 • 
* • 

03/04/91 22:00:00 * 54 453 36 4 179 21 • 
* • 

03/04/91 23:00:00 * 61 895 36 4 255 23 • 
* • 

04/04/91 00:00:00 * 59 638 36 4 301 24 • 
• • 

04/04/91 01:00:00 * 66 412 273 4 322 24 • 
* * 

04/04/91 02:00:00 * 49 649 427 4 128 25 * 
* • () 04/04/91 03:00:00 * 50 5 599 4 175 24 * 
* * 

04/04/91 04:00:00 * 41 304 474 2 181 24 • 
* * 

04/04/91 05:00:00 * 35 1369 652 2 182 23 • 
* * 

04/04/91 06:00:00 * 37 524 504 2 251 23 * 
* * 

04/04/91 07:00:00 * 30 29 433 2 200 23 * 
* * 

"04/04/91 08:.00:00 * 24 5 480 2 253 22 * 
* * 
* * 

·•••••**************************************************************************************** 
MEAN * 47 461 332 3 206 23 * 

* * 
MAXIMUM * 66 1369 652 4 322 25 * 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 



AIRPARIF : ATMOSPHERIC POLLUTION MEASUREMENT CAMPAIGN "KUWAIT" 

KUWAIT "AL MAQWA ROAD SOUTHERN OIL FIELDS" 04 APRIL 1991 DAY 

POLLUTION AND METEOROLOGICAL DATA; HOURLY MEANS 

C] 

:********************************************************************************************* 
"DATE TIME * 03 H S02 H CO H NO H N02 H VV H DV H T H * 

* ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 m/s degre oC * 
* * 

·••******************************************************************************************* 
* • 

04/04/91 12:00:00 * 68 0 95 0 25 9 182 21 * 
* * 

"04/04/91 13:00:00 * 64 73 18 0 27 7 239 21 * 
* * 

"04/04/91 14:00:00 * 61 737 0 1 35 4 133 25 * 
* * 

'04/04/91 15:00:00 * 86 286 0 8 19 6 207 32 * 
* * 

'04/04/91 16:00:00 * 72 185 0 0 25 5 239 32 * 
* * 

'04/04/91 17:00:00 * 73 12 9 9 18 4 289 31 * 
* * 

. * ·==> :*******************************************************************************************< 
MEAN * 71 216 20 3 25 6 215 27 * 

* * 
MAXIMUM * 86 737 95 9 35 9 289 32 * 

t********************************************************************************************* 



-. 

0 
AIRPARIF : ATMOSPHERIC POLLUTION MEASUREMENT CAMPAIGN "KUWAIT" 

KUWAIT CITY ENGLISH SCHOOL 4 APRIL 1991 NIGHT 

POLLUTION AND METEOROLOGICAL DATA; HOURLY MEANS 

t********************************************************************************************* 
•DATE TIME * 03 H S02 H CO H NO H N02 H VVH DV H T H * 

* ug/m3 ug/m3 ug/m3 ug/m3 ug/m3 m/s degre oC * 
* * 

:********************************************************************************************* 
* * 

'04/04/91 21:00:DO * 2 226 2360 0 128 23 * 
* * 

'04/04/91 22:00:00 * 4 223 5860 0 180 23 * 
* * 

'04/04/91 23:00:00 * 5 114 3048 1 155 23 * 
* • 

'05/04/91 00:00:00 * 41 13 635 2 178 24 • 
* • 

'05/04/91 01:00:00 * 49 5 409 3 204 24 • 
* • 

'05/04/91 02:00:00 * 63 5 202 3 106 23 * 
* • 

(J '05/04/91 03:00:00 * 57 6 237 2 200 23 * 
* • 

'05/04/91 04:00:00 * 62 5 219 1 128 22 • 
* • 

'05/04/91 05:00:00 * 63 5 267 2 152 21 • 
'~' * • 

'05/04/91 06:00:00 * 70 5 166 3 181 22 • 
• * • 
'05/04/91 07:00:00 * 70 5 202 3 196 22 • 
• * • 
'05/04/91 08:00:00 * 68 5 374 4 131 22 * 
• * • 
• * • 
-··******************************************************************************************* 
• MEAN * 46 51 1165 2 162 23 * 
• * • 
• MAXIMUM * 70 226 5860 4 204 24 • 
-********************************************************************************************* 



SUSPENDED PARTICULATES (BLACK SMOKE) MEASUREMENT IN KUWAIT FROM 28 03 TO 04 04 1991 

AIRPARIF MEASUREMENT CAMPAIGN results in ug/M3 

:1r1r***************************************************************************************"k***************************************** 
lo CAM * CAM 2 CAM 3 CAM 4 CAM 5 CAM 6 CAM 8 CAM 9 CAM 10 CAM 11 CAM 12 CAM 13 * 
.lEU *ENG SCHOOL MANSOURIYA FIELD NORD ENG SCHOOL AHMADI VIL AHMADI HOSPENG SCHOOL ENG SCHOOL RING 7/AER ENG SCHOOL AL MAQWA * 
lATE * 28/29 3 29 3 30 3 30/31 3 31 3 01 04 01/02 04 02/3 04 3 04 03/4 04 4 04 * 
'*********************************************************************************************************************************** 
IEURE * * 

11 ,* 946 1365 * 
12 * 119 1406 697 2030 * 
13 * 144 1591 288 224 778 * 
14 * 129 360 827 316 212 1100 * 
15 * 70 340 475 347 351 494 * 
16 * 98 235 356 125 361 344 * 
17 * 89 124 175 106 400 165 * 
18 * 42 185 55 109 1151 * 
19 * 104 * 
20 * 69 89 95 * 
21 * 86 92 101 98 75 * 
22 * 90 114 103 116 81 * 
23 * 214 142 109 134 185 * 
24 * 1147 199 133 310 108 * 

1 * 1291 539 379 507 135 * 
2 * 740 402 936 235 356 * 
3 * 361 187 984 130 102 * 
4 * 301 96 736 202 135 * 
5 * 214 78 777 161 792 * 
6 * 141 68 506 so 638 * 
7 * 98 73 442 301 139 * 
8 * 96 73 547 401 32 * 
9 * 149 60 * 

10 * 104 * 
"*********************************************************************************************************************************** 
IOYENNE * 

* 
IAXIMUM * 

340 

1291 

99 

144 

265 163 745 

360 539 1591 

206 449 199 

347 984 507 

595 232 

1365 792 

819 * 

* 
2030 * 

*********************************************************************************************************************************** 

u u 0 
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KUWAIT STUDY 

27 March to 4 April 1991 

ANNEXV 

Overall Results 

Maps of Kuwait 

- EEC-WHO reference values 

- addresses of local contacts 

(WHO = World Health Organization) 
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KUWAIT STUDY 

27 march to 4 april 1991 

ANNEXE/1 

Temporal evolution of measurements of meteorological parameters 

Basic data integrated over 5 minutes 
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0 I?E'Sf!tTS OF TilE' JIE'AS[JJ?Ji'JIE'fi!TS OF Ai 

N of PLACE STARTING ENDING LENGKT AVERAGE AVERAGE AVERAGE AVERAGE AVERAGE 
Campaign TIME TIME 
and map AND AND 03 502 co NO N02 
indicat~~O DATE DATE 

KOWEITCITY 27/3191 28/3/91 
EPC 17H00 9H156 16H15 23 X 1587 77 54 

1 (1/4Hourly) 

(2) KOWEITCITY 2813/91 29/3/91 
English 19H45 7HOO 11H15 7 22 1635 30 • 10 

2 
school 

l1/4hourly) 

(3) KOWEIT CITY 2913/91 30/3/91 
Mansouriya 11H35 17H05 5H30 81 6 126 1 25 

3 (5 Minutes) 

(4) KOWEIT 30/3/91 30/3/91 .. 
northern i4H05 17H15 3H10 96 269 127 1 16 

4 oil field 

(2) KOWEIT CITY 30/3/91 31/3/91 
English 20H25 7H35 11H10 16 27. 1758 x· X 

5 
School 

(5) KOWEIT SUD 31/3!91 31/3/91 ... 
Ahmadi 11HOO 17H05 6H05 23 252 33~ X X 
Village . 

6 

(J (2) KOWEIT CITY 31/3'91 1/4/91 
English 21~35 8H45 11H10 15 79 1125 X X 

7 
School 

(6) KOWEIT SUD 1/4/91 1/4/91 
Ahmadi 12H25 17H40 5H15 38 56 500 3 35 

8 
Hospital · 

(2) KOWEITCITY 1/4/91 2/4/91 
English 19H05 7H15 12H10 4 92 4813 X X 

9 
School 

(2) KOWEITCITY 2/4/91 3/4/91 . 
English 17H25 8H15 14H50 4 30 1299 X X 

10 School 

(7) KOWEIT 3/4/91 3/4/91 
south Ring 7 10H15 18H05 7H50 86 495 16 . 4 33 

11 Aeroport 

(2) KOWEITCITY 3/4/91 4/4/91 
English 19H20 7H40 12H20 49 472 318 X X 

12 School 

(8) KOWEIT 4/4/91 4/4/91 
ALMAOWA 11H05 17HOO 5H55 71 215 20 3 25 

13 southern oil 
field 

(2) KQWEITCITY 4/4/91 5/4/91 
English 19H20 8H15 12H55 44 55 1163 X X 

14 School 

t 
MEAN OF ALL CAMPAIGNS 40 159 1058 17 28 

MAXIMUM ON ALL CAMPAIGNS 96 495 4813 77 54 

Results Pollutants in microgrammes per cubic r 
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0 I/IOSP/1£1?/C POll{!JJO;V JA! f({!lfAJJ' 

AVERAGE MAXIMUM MAXIMUM MAXIMUM MAXIMUM MAXIMUM MAXIMUM AVERAGE 
5 Minutes 5 Minutes 5 Minutes 5 Minutes 5 Minutes 1 Hour WIND OBSERVATIONS 

BS 03 S02 co NO N02 FN SPEED 

Day without pollution, 

X 79 X 4234 227 94 X X no BS, no HC 

BS 
340 28 80 5027 167 69 1291 1,2 no HC 

Day without pollution 

99 100 34 676 6 55 144 2 HC and FN + PPA 60 

Jn burn!ne: nl)l'thern o~ fidel. hlth 
w:.n.d:3. BS.VOC no· wt~lber d~t.A 

265 110 1141 463 1 32 360 8,4 .Ora~tr C02: SOD PPN OOwr =D 

163 58 199 7152 X X 539 1 HC and BS 

(J 
I undervlnd o/IOUlhtrn fidd 1n the 
I mnmin.e. noliO 1'102 

745 66 687 1885 X X I 1591 0,56 BS end HC.Oret'lf'l' C02:760 PPJI 
' other D 
I 

! HC, X 58 199 7081 X X j X 0,6 
BSH.S 

I 

I 
No direct influence, 

206 66 206 1388 33 71 347 2,4 except at the begining. 
well at 

' SOOm.BS HC PPA60 
' I 

449 18 239 8576 X X I 984 0,1 BS,HC 

! morning cloud at altitude 

198 29 
I BS,HC 138 7651 X X I 507 0,6 
i 
I in the plume, but very 

595 126 1223 320 69 76 I 1365 11 hihg winds. 
BS,HC,HAP;PPA60 

black cloud on ground. 

231 74 2911 747 X X 792 3,4 BS,HC 

in the heart of the 
818 107 1833 534 83 78 2030 5,8 southern oil field, in the 

plume. BS,HC,PPA60 

no BS 
X 77 274 8576 X X X 2 HC 

· .• ~ 373 71 705 3879 84 68 904 3 

818 126 2911 8576 227 78 2030 11 

neter : wind speed in meters per second· 
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!EVOLUTION OF LEVELS OF NITROGEN OXIDES (NO+N02) IN THE PARIS AERA. 
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POLYCYCLIC AROMATIC HYDROCARBON (PAH) LEVELS OBSERVED IN CENTRAL PARIS ; SOURCE : " LABORATOIRE D'HYGIENE " OF CITY OF PARIS 

Distribution of levels observed 1n Paris (LHVP site) 
Winter period : from 11/02 to 20/03/1988 

P0,05 HED P0,95 HOY s 

HAP ng/m3 

pyrene 8,3 13,5 26,0 15,8 7,0 
fluoranthene 0,7 17,5 33,0 20,4 8,7 
benzo (e) pyr!ne 3,4 5,5 8,8 5,9 2,5 
benzo(b)fluoranth!ne 4,2 8,3 13,2 8,9 4,0 
benzo(k)fluoranth~ne 1,9 4,0 6,5 4,2 2,0 
benzo(a)pyr~ne 1.4 3,6 8,0 4,6 3,4 
benzo(ghi)p~ryl!ne 2,9 6,1 8,8 6,4 2,9 
ind~no(l,2,3,c,d)pyr!ne 1,5 3,0 4,7 3,3 1,6 

I 

MAX HIN 

38,0 7,9 
49,2 10,0 
14,9 2,6 
23,6 4,2 
11,2 I,8 
17,6 0,8 
17,2 2,8 
9,2 1,5 

Distribution of levels observed In Paris (LHVP site) 
Autumn period : from 21/09 to 02/10/1987 

P0,05 HED P0,95 HOY s 

HAP ng/m3 

pyr!ne 4,6 7,4 14 8,2 3,1 
fluoranth~ne 3,5 5,9 9,2 6,2 2,5 
benzo (e) pyr~ne 0,35 1,2 2 1,1 0,6 
benzo(b)fluoranth~ne 0,66 1,4 3,8 1,7 I 
benzo(k)fluoranth~ne 0,25 0,54 1,5 0,67 0,4 
benzo(a)pyr!ne 0,22 0,50 1,6 0,70 0,5 
benzo(ghi)p!ryl!ne 0,78 1,1 3,2 1,8 2 
ind~no(l,2,3,c,d)pyr!n 0,43 0,86 2,1 1,1 0,6 

MAX 

17 
15 
2,8 
4,2 
1,8 
1,7 

12 
2,9 

HIN 

4,5 
3,4 
0,3 
0,4 
0,1 
0,2 
0,8 
0,4 

P 0,05 : valeur percentile 5, MED : valeur mediane, P0,95 : valeur percentile 95, HOY : valeur moyenne, S : ~cart type, MAX : valeur maximale, HIN : valeur minimale 

0 (' 0 



LIMITS DEFINED BY THE DIRECTIVES RELATIVE TO AIR QUALITY 
FOR COUNTRIES OF THE EUROPEAN ECONOMIC COMMUNITY 

These values are considered to the limits defining acceptable air quality 
and must be not exceeded. 

Pollutants Concentration Length of exposure Observations 
in air 
(ug/m3) 

SULFURE DIOXIDE (S02) S02 350 6 days per year These levels are now very rarely 
associated with PS < 150 exceeded in the Ile de France region, 
suspended ou but may still be reached in 
particules (PS) S02 250 6 days per year industrial sectors. 

PS :> 150 

S02 180 half of the days of the 
PS < 60 6 ronth winter period 
ou 
S02 130 half of the days of the 
PS > 60 6 mnt:. winter period 

S02 120 half of the days 
PS < 40 of the year 
ou 
S02 80 half of the days 
PS > 40 of the year 

NITROGEN DIOXIOE (N02) 200 175 hours in the year This level is exceeded in certains 
parts of the Paris area. 

LEAD (Pb) 2 year This level ts not reached at any of 
the measuring sites of Paris. 

) 
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VALEURS GUIDES DEL ORGANISATION MONDIALE DE LA SANTE 
EN MATIERE DE OUALITE DEL AIR 

W.l-1.0 AIR OUALITY (;LIIIJI'l.INES 

Below these exposure levels, no effect 
on health has been demonstrated. 

Substance NIVEAU D EXPOSITION 
EXI'OSURE LEVEL 

Cadmium I-
,. 
:.J 11\j/1111 

I 0-~!0 11\j/111] 

Carbon disulfide I UO ftlJ/1111 

Carbon monoxide I UU 1!11J/111.1· 
(j0 r1HJ/rn:t 
JU r11q/111.1 
I U 111lJ/r11.l 

1.2-Dichloroetlwne 0 J 111\)/llrJ 

Dichloromethane 
(Methylene chloride) :J r11q/rn.l 

Formaldehyde I 00 ftq/r11J 

Hydrogen sulfide I GU flU/riiJ 

Lead O.G-1 .Upu/rrr 3 

Manganese fl\)/rJJJ 

Mercury fJ\)IrnJU 

(111door ;.1ir) 

Nitrogen dioxide 1100 fJ\J/riiJ 
I GO fJ\)/rrr 3 

Ozone I GO- 2 00 /r\1 / rrr 1 

I 00-1 20 fJ\)/IIrJ 

Styrene BOO pq/•nJ 

Sullur dio.xide ~uu f.l(_J / rn·1 

3GU fJ\J/rnJ 

Sulfuric acid 
I? 

Tetrachloroethylene G r11q/111J 

Toluene 0 111\l/ri1J 

Trichloroethylene 111\_l/rn 3 

Vanadium I filJ/111J 

DUREE D EXPOSITION 
EXPOSURE TIME 

I year (1ural areas) 
1 yeur (ur IJUJI urcus) 

2 11 hours 

I !j r11inutu:; 
30 rninutes 

1 hour 
0 hours 

2'1 hours 

2 '1 llou rs 

30 rrrinutes 

2t1110UrS 

1 yeur 

1 year c 

1 yeur 

I hour 
21JllOUIS 

1 hour 
0 hours 

2tl hour:: 

I U rrrinutes 
I hour 

2<1 llOUIS 

2 '1 hutrr s 

2£1 hours 

2 l) llOIJI S 



List of persons encountered In the course of the Air Quality measurement 
· camoaian carried out bv AIRPARIF in Kuwait from 27 March to 4 April1991. 

- IBRAHIM M HAD I :Secretary of the Environment Protection Council 

Director of the Environment Protection Departenement 
Ministry of Public Health 
P 0 BOX 24395 SAFAT KUWAIT 

TEL : 2456835/2456836 
FAX : 2421993 

- DR MOSTAFA EL-DESOUKV: Technical Advisor 

Ministry of Public Health 
P 0 BOX 35035 AL-SHAAB KUWAIT 

TEL : 2456832/ RES : 5717303 
FAX: 2421993 

- NABEEL M AL-KULAIFI : Geological Technician 
Environment Proteetion Departenement ; Air Pollution Part ; 

Organic Chemistery 

Ministry of Public Health 
P 0 BOX 35035 AL-SHAAB KUWAIT 

TEL: 2456832 
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PRELIMINARY RESULTS OF MEASUREMENTS OF GASEOUS HYDROCARBONS(HC) AND POLYCYCLIC AROMATIC 
HYDROCARBONS CARRIED OUT BY THE "lABORATOIRE D'HYGIENE" OF THE CITY OF PARIS 

ON SAMPLES TAKEN IN KUWAIT DURING THE AIRPARIF MEASUREMENT CAMPAIGN 

I - METHODOLOGY 

Gaseous hydrocarbons (HC) 

Te samples are taken by absorption on activated charcoal of plant origin (SKC,m = 150 mg). 
The volumes of air sampled generally vary from 300 to 800 liters of air according to sampling. 
The HC's are desorbed by carbon disulfide (2 ml) later subjected to chromatographic analyses. 
The compounds are separated with the aid of a high resolution capillary column (L = 50m, d = 
0,32mm phase methyl silicone) and detected by flame ionization (quantitative aspect) or by mass 
detection (qualitative aspect). The compounds were identified by mass sweeping in the field 33 to 
450 urns in electronic impact mode. 

1 1 Polycyclic aromatic hydrocarbons 

The level of polycyclic aromatic hydrocarbons (PAH) of the particulate phase was estimated from 
particles sampled on a cellulose filter (Whatman n· 1) on the basis of the black smoke index. 1 to 3 
m3 of air was sampled for the samples analyzed. The PAH are extracted and analyzed following the ' .. ·)· 
recommendations of the standard AFNOR N• X 43-025. After ultrasonication of the filters by 
dichloromethane, the analyses are made by high performance liquid chromatography (HPLC) with 
detection by fluorescent emissions. 

2/ Metals 

The atmospheric particles sampled on cellulose nitrate filters (Satorius-SM 11305 d = 47 mm) are 
subjected to mineralisation by nitric acid, in a teflon spray. 
The metallic elements are measured bu atomic absorption spectrophotometry with electrothermal 
atomization (no results available at present). 

/) 
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J?£'SUZJS OF JH£' JI£'AS[!J?£'JI£';VJS OF Ai 

f/0/AJJU 0/?CAJY/C COJ/11. 

jN _of Pi:ACE SfAH liNG E~~~~G -LENGTH AVERAGE AVERAGE 
Campaign TIME OF 

1 
and m~~ 

1 ~-i'. ~T~ TIME HEPTANE OCTANE NONANE DE CANE 

(3) I KOWEIT CITY 2913191 3013/91 . 
Mansouriya 11H35 17H05 5H30 4 2,3 1,7 2,8 2,6 

3 
(5 Minutes) 

(2) KOWEITCITY 30/3/91 31/3/91 
English 20H25 7H35 11H10 9,6 7,7 7 9,6 7,6 

5 
School 

(5) KOWEITSUD 31/3/91 31/3/91 
Ahmadi 11HOO 17H05 SHOS 57,8 43,9 38 31,2 19,4 

6 
Village 

-·~ 
(2) . KOWEIT CITY 31/3/91 114/91 .. 

English 21H35 8H45 11H10 27,6 26,4 22,8 ·.26,2 17,7 

7 
School .. .J 

(6) [KClWEIT SUD 1/4/91 1/4/91 
Ahmadi 12H25 17H40 5Hl5 9,5 6,7 5,1 6,7 4,9 

8 Hopital 

(2) I KOWEIT CITY 1/4/91 214/91 
English 19H05 7H15 12H10 27,6 23,3 21,4 29,3 20,6 

9 
School 

(2) I KOWEIT CITY 214/91 3/4/91 
English 17H25 BH15 14HSO 7,5 5,3 7,1 13,3 10,7 

10 
School 

(7) ~DWElT SUD 3/4/91 3/4/91 
Ring 7 10H15 18H05 7HSO 40,4 51,6 55 58,6· 44,4 

11 
Airport 

(2) I KOWEIT CITY 3/4/91 4/4/91 
English 19H20 7H40 12H20 2,8 3,8 5,2 10,7 7,6 

12 
Schoo'l 

(8) ~ 4/4/91 4/4/91 
AL MAQWA 11H05 17HOO 5H55 15 17,7 22,5 35,7 41,5 

13 
southern field 

(2) I KOWEITCiTY 414!91 514/91 I 
English 19H20 BH15 12H55 3,1 1,9 2,3 5,9 4 

14 
School 

MUYENNE DE L'ENSEMBLE DES CAM 18,6 17,3 17,1 20,9 16,4 

MAXIMUM SUR L LE DES CAMPAGNES 57,8 51,6 38 58,6 44,4 
. 



(J 
fJ')!OSP/1£!?/C POll[JJ'JOH hV J([JifAJJ' 

VO[JJIJ)S (in Ji£'/mJJ 

AVERAGE AVERAGE AVERAGE AVERAGE AVERAGE AVERAGE AVERAGE AVERAGE 
m+p 0 1,2,4 

DODECANE TRIDECANE BENZENE TOLUENE ETHYLBENZENE XYLENE XYLENE TRIMETHYLBENZENE 

1,5 1,2 7,6 9,6 3,4 10,8 3,7 3,1 

5,2 3,7 5,3 18,1 6,9 23,6 8,2 10,1 

14,5 11 9,2 21,2 9,2 14,7 35,8 13,3 

() 12,3 9 4,1 15.3 6,5 32,2 12,9 13,7 

4,3 3,8 6,2 11,8 4,3 9 5,5 6,4 

14,1 9,4 11,9 46,7 16,2 64 21,2 27,2 

I 9,5 8,2 3,2 21,5 5 19 7,3 8,5 

21,8 13,1 4 13,6 7,8 10 20,2 22,6 

l 6,3 5,4 1,9 2,9 1,4 2,1 0,9 3,4 

I 3,5 
i 

24,7 5,5 6,4 3,3 5,5 3,8 12,8 

i 

' 
I 3,8 '0 o,- 3,6 14,6 3,5 12,3 3,8 4,9 

S.S s ' ,- 5,7 16.5 6,1 18,5 11,2 11,4 

.•.. J· 
' 

2l.S :-t!7 11,9 -\.6.7 I 16,2 64 35,8 O" o -1·-
-



.!l£'S[IiJ'S OF J'J/£' H£'AS'[IJ?£'H£'/VJ'S OF 

A/?0;//AJ'/C FO.lYCYCUC /lj;J 
SampliJJ,5'S (cel/vlose S/JfJJJO.rl) ana/j'St 

/!Jj/; pe.r/o.rmanC'e !J~u 

o'e/edion by;; 

Not PlACE SARTING ENDING LENGHT AVERAGE VOLUME AVERAGE AVERAGE 
Campaign TIME TIME OF ug/m3 
and map AND AND DATE SUSPENDED m3 FLUORANTHENE ANTHRACENE PJ 

ind:ca~o;f ~ DATE DATE PARTICULES 
(4) KOWEIT 30/3/91 30/3,'91 

Nonhero 14HOO 15HOO 1HOO 360 1,091 7,9 4,3 
• Field 
" 

(5) KOWEIT SUD 31/3/91 31/3/91 
Mmadi 14HOO 15HOO 1HOO 827 0,938 9,0 

6 
Village 

(6) KOWEIT SUD 114/91 1/4/91 
Ahmadi 13HOO 14HOO 1HOO 288 1,084 8,3 
Hopital .. 

8 
(2) KOwEIT CITY 1/4/91 1/4/91 .. English 23Hoo· 24HCJ 1HOO 109 1,084 7,6 
9 

School 

(2) KOWEIT CITY 214/91 1/4/91 
English 2HOO 3HOO 1HOO 93G 1,084 12,1 

9 
School 

(2) KOVJEJT CITY 3/4/91 .3/4/91 
English 1HOO 2HOO ·1HOO 507 1,171 17,4 

10 
School 

(2) KO\'\'Eii C:TY 3!4191 .3/4/91 
English 4HOO SHOO ·1HOO 202 1,171 9,1 7,2 

10 
School 

(7) KOWEIT SUD 3/4/91 3/4/91 
Ring 7 17HOO 18HOO 1HOO 1151 1,028 8,4 

11 
Airport 

(2) KOWEIT CITY 3/4/91 4/4/91 
English 23HOO OOHOO ·1H00 185 1,171 5,2 2,6 

12 School 

(2) KOWEITCITY 4/4/91 "4/4/91 
English SHOO 7HOO 1HOO 638 1,171 8,9 3,4 

12 
School 

(8) KOWEIT SUD 4/4/91 4/4/91 
ALMAOWA 15HOO I SHOO ·1HOO 494 0,946 9,9 

13 
south field 

-
MEAN OF ALl:. CAMPAIGNS 518 9,4 4,4 

. 
MAXIMUM ON ALL CAMPAIGNS 1151 17,4 7,2 



'f Alfi/OSFH.£1?/C POLJJJJJOA1 lA' %(Jif:4/T 
(J 

lfj}/?OCAI?BO;VS (iJJ ii,t/mJ) 

lysed b)' /relic); llldilof of Fe!ro!eum 

liquid c/Jro,77afograp);y 

AVERAGE AVERAGE AVERAGE I AVERAGE AVERAGE 
BENZO {a) . BENZO {b) I BENZO {\<) BENZO {a) 

ANTHRACENE PYAENE FLUORANTHENE FLUORANTHENE PYRENE 

1.0 8,5 1,3 0,01 1,6 

~,5 6,1 2,0 3.8 

.. 
2,6 9,6 3,7 1.4 '2,7 

1,6 7,1 4,3 1,4 3,9 

4,2 10,2 7,5 2,9 o,O 

5,4 12,7 9,6 4,5 5,7 

9,3 3,2 1,3 :.3 

1,6 6,3 3,95 1,7 4,0 

-
1,6 6,3 1,4 0,7 0,9 

0,7 4,9 2,7 1,8 1,7 

3,7 8,6 4,8 2,2 3,9 

2,5 8,4 4,4 1,8 3,3 

.) 
5,4 12,7. 9,6 4,5 6,0 

AVERAGE AVERAGE AVERA~E 
OIBENZO {a.h) BENZO {ghi) INOENO 
ANTHRACENE PERYL.ENE PY~.EN£ 

1,3 1,3 ),1 

6,2 23,1 00.0 

. 3,0 8,0 11.2 

4,1 9,7 II a 

9,2 10,7 I 3.\ 
I 

15,4 23,5 

I 

3,8 2,9 11,9 I 
! 

4,3 2,1 ·U. 

1,4 4,2 8.5 

4,2 5,3 6,4 

6,2 1,3 9,2 

5,4 8,4 12 

15,4 23,5 00.0 
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I?£S[!£J'S Of' TH£ Uli!SfJI?t'Ut'JVTS Of' AJJIIOS.PH£1?/C POLLfJJJOJV /JV /(fJffA/1' 

A!?OJIAJJC POLYCYCLIC HY!J!?OCA!?BOJVS (in ntt/mS) 

SanlfJ/Jilffs im<t!J;,-ed br L/111' 

Nol PLACE STARTING ENDING LENGHT AVERAGE AVERAGE AVERAGE AVERAGE AVE:BAGt: AV[HAGl AVEili\GE 
Campaign TIME TIME OF BENZO (a) BENZO (e) BENZO (b) BENZO (k) BENLD (aJ DIDENZO !a,h) 
an<~ map AND AND TIME FLI.JOFW.lTHENE ANTHRACENE PYRENE FLUORANTHENE FLUOfWIITHEN( PYAENE ANTHRACENE 

1nd:cato;ll DATE DATE 

(2) KOWEIT CITY 2813/91 2913191 
EngliSh 23HOO 1HOO 2H 24 1,4 IJ,) 7,4 3,6 -l,IJ 0,4 
school 

2 1114 hourlvl 

(5) KOWEIT 3113191 31/3191 
South 1\HOO 13HOO 2H 30 1,9 17 13 5,0 7,(1 0,9 Ahmadi 

6 V1Uage 

(2) KOWEITCITY 1/4191 1/4/91 .. 
English 20HOO 22HOO 2H 5 0,7 3,.1 2,9 1,2 3,4 0,01 

9 
School 

(7) KOWEIT 3/4/91 3/4/91 
Rang 7 10HOO 12HOO 2H 37 1,3 6,6 11 3,H 7,6 0,1H 

11 
Aupon 

(8) KOWEIT 4/4/91 4/4/91 
AlMAQWA 1\HOO I<HOO 3H 110 3,8 2CJ 20 12 30 0,6 

13 
South lield 

(7) KOWEIT SUD 3/4/91 3/4/91 
Ring 7 1\HOO 18HOO 7H 19 5,6 4 3,3 I,H 5,H 0,2 

11* Airport 

(7) KOWElTSUO 3/4/91 3/4/91 
Ring 1 \1HOO 18HOO 7H 17 < I < 0,1 < 0,1 < 0,1 < 0,1 < 0,1 

11** Airport 

MEAN OF ALL CAMPAIGNS 34.6 2,2 9,5 8,2 4,0 8,.1 0.3 

MAXIMUM ON ALL CAMPAIGNS fiG 5,0 21. 2D IZ 30 Q,f 

------ __ ... --· 

• fdrbcu/ilr.pll.~>e ,..,.,PIW 1Y1 ,tl#>" NI:IV 

\~·~ #ilzrous pllHse )dAipb/"" NIIU ,..,.c 0 

AVERAGE 
BENZO (glnJ 
PERYLENE 

0' o,> 

11 

4,1 

S.·l 

20 

--·-·-

J,H 

< 0,1 

B,B 

2(, 

() 

<''+...;. 
.:£'".~ 

AVERAGE 
INDENO (1,2,3,c,.d 

PYAENE 

15 

21 

5,7 

17 

41 

5,8 

< 0,1 

14,3 

41 



(J HYDROCABONS AND VOLATILE ORGANIC COMPOUNDS 

AVERAGE LEVELS OBSERVED IN PARIS OR IN HABITATIONS 

SOURCE : " LABORATOIRE D' HYGIENE " OF THE CITY OF P 

MEASUREMENTS TAKEN IN SEPTEMBER/OCTOBER 19B7 

*************************************************** 
* * * 
* SUBSTANCE * AMBIENT AIR INDOOR AIR * 
* * * 
*************************************************** 
* * * 
* ALKANES * 100 100 * .. * * 
* HEXANE * * 
* HEPTANE * 25 10 * 
* OCTANE * 11 5 * 
* NONANE * 21 10 * 
* DECANE * 20 20 * 
* UNDECANE * 10 10 * 
* DODECANE * 5 5 * 
* TRIDECANE * 3 10 * 
* TETRADECANE * 2 2 * 

(J * PENTADECANE * 1 1 * * HEXADECANE * 1 1 * 
* * * * CYCLOALKANES * 25 * 
* * * * CYCLOHEXANE * 10 * * METHYL CYCLOHEXANE * 10 * 
* * * * AROMATICS * tiO 160 * 
* * * * BENZENE * 9 10 * * TOLUENE * 23 BO * * ETHYL BENZENE * 3 10 * * M+P XYLENE * 10 20 * * 0 XYLENE * 1 10 * 
* * * 
*************************************************** 

··~ 

---------------------------------------------------------------------------



I?E'S!JJJS' OF J'J/Ji' J!l/AS!JI?E'J/E'JIJ' OF AJ'J/OSPJ/Ji'I?IC POll!/JJ0/1 

hV J((JifAJJ' 

H!!J:4JS (in ng/m:J) 

Samplings ana/_ysed by UII'F 

No! UEU SART!NG ENDING l.ENGHT AVERAGE AVERAGE 
Campaign TIME TIME OF 
and map AND AND TIME NICKEL VANADIUM 

indicato;'t ) DATE DATE 
(3) KOWErTCITY 29/3191 30/3191 

Mansouriya 14HOO 17HOO 3HOO 20 <20 
3 

(5 Minutes) 

(6) KOWEIT SUD 1/4/91 1/4/91 
Ahmadi 15HOO 16HOO 1HOO 150 60 

8 
Hospital 

(6) KOWEITSUD 1/4/91 1/4/91 
Ahmadi !SHOO 17HOO 1HOO 600 70 

8 
Hospital 

(6) KOWEIT SUD 1/4/91 1/4/91 
Ahmadi 17HOO 18HOO 1HOO 200 70 

8 
Hospital 

(7) KOWErTSUD . 3/4/91 3/4/fl1 
Ring 1 11HOO 12HOO 1HOO 400 200 

11 
Airpon 

(7) KOWErT SUD 3/4/fl1 3/4/fl1 
PJng 7 17HOO 1BHOO 1HOO 330 200 

11 
Airport 

(B) KOWEIT SUD 4/4/91 4/4/91 
ALMAQWA 12HOO 13HOO 1HOO 20 20 

13 
south field 

(B) KOWEITSUD 4,'4/91 4/4191 
ALMAQWA 13HOO 14HOO 1HOO 50 <20 

13 
aouth field 

MEAN OF ALL CAMPAIGNS 221 32 

MAXIMUN ON ALL CAMPAIGNS 600 200 
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Report of Thst on Analysis of Smoke Samples from Oil Well Fires in Kuwait 

JNTRODUCTION 

by 

George W. Mulholland, Bruce A Benner, Robert A. Fletcher, 
Eric Steel, Stephen A. WJSC, Willie E. May, 

Daniel Madrzykowski. and David Evans 

National Institute of Standards and 'Thchnology 

This report describes results from a preliminacy series of measurements concerning the smoke 
production from the Kuwait oil well fires. Detailed chemical analysis of the smoke is being carried out for 
determination of the fraction of ambient aerosol arising from the Kuwait oil well fires on a local, regional, 
and global scale. The overall goal is to characterize the amount of smoke particulate produced and its 
chemical makeup, as well as the amount of various gaseous species including SOx and PAHs from individual 
w~ll fires. This information will be used together with the burning rates of a large number of oil well fires 
to estimate the total production of smoke and gases from all the fires In Kuwait. The source temi information 
is essential for risk assessment in regard to health effects, environmental/climate impact, and visibility. 

Smoke samples were collected In the Al Maqwa oil field in Kuwait on May 15, 1991 from two 
locations illustrated on the map (Fig. 1). The first set was collected_ about 3 meters above ground at an .
".ambient• location; that is, the sampling was not frOm a plume but was from the oil field region. These 
samples are Indicated as ambient oil field samples. The second set of samples, denoted as plume samples, was 
collected in the plume of a combination jet-pool fire at a height of about 1 meter. The ground level plume 
consisted of whitish smoke, while black smoke was emanating from the flames- (See- Figure 2). It was the 
whitish smoke that we were sampling. 

_The -particulate was collected on quartz filters, polytetrafluoroethylene (PTFE) filters, on stages of a 
cascade impactor, and on carbon coated transmission .electron microscopy (TEM) grids. Volatile polycyclic 
aromatic hydrocarbons (PAHs) were collected downstream on XAD-2 sorbent and CO and C02 were collected 
in PTFE sampling bags. The sampling procedures are described in more detail below. 

The smoke analysis included the determination of the mass of particulate on the filter, the relative 
amounts of organic and elemental carbon in the particulate, the PAH content of the particulate and gas, the 
chemical composition by laser microprobe mass spectroscopy (LMMS), and the particle size distnllution by 
transmission electron microscopy and by cascade impactor. Gas chromatography was used to analyze the CO 
and C02 concentration in the gas samples. 

SMOKE SAMPLING 

Smoke samples were collected on 47 mm diameter quartz fiber filters for thermal-optical analysis of 
organic versus elemental carbon content. Standard precautions were taken to avoid sample contamination 
before sample collection by heating the filter for two hours at 7DO-C to remove organic contaminant and also 
heating the aluminum foil used to line the sample containers to soo-c for several hours. All filters and 

-. . impactor substrates were weighed and sealed with 1Cflon tape in Petri dishes lined with aluminum foil. As 
· ·: ~ a further precaution, sets of filters were placed in plastic bags partially filled with filtered air. After the 
~J samples were collected, they were resealed with teflon tape in Petri dishes -and maintained at about s• C to 
;,;; avoid evap<iration of the organic fraction until they were analyzed. The sample flow was maintained at 67 
· .. ~· 

C) 

- :). 

-



0 
cm3/s (4 Limin.) using a battery operated pump· (Gillian1); which contains a flow controller element to 
maintain constant flow with increasing pressure drop across the filter. A calibrated flowmeter was used to 
adjust the J>ump flow before collecting the smoke. A small ftaction of the exhaust from the diaphragm pump, 
about 2 cnhs, was directed to a 5 L PTFE gas sampling bag for subsequent CO and C02 analysis. 

The PAH sampling train was operated at a flow rate of 50 cm3/s (3 LJmm) and contained a 37 mm 
filter holder followed by a 8 mm OD by 110 mm long sorbent tube filled with two sections of XAD-2 
Analysis of the second section allows detection of PAH vapor breaking through the first section. The entire 
sampling train including disposable filter holdets, sorbent tubes, connectoiS, and PTFE filets were obtained 
from one vendor, SKC. The sorbent tubes were covered with aluminum foil to minimize exposure of the PAH 
collected on the XAD-2 to sunlight After collecting the samples, they were sealed and kept at about s• C. 

A six stage cascade impactor (Marple PeiSOnal Cascade Impactor), which provides size segregated 
samples, was used at a flowof33 cnJ!>rs (2 LJmin). The ambient sample collected by this method was too small 
for gravimetric analysis, but the size segregated samples were useful for single particle analysis by LMMS. 
Samples were also collected directly on carbon coated TEM grids (3-mm diameter, 0.13 mm thick, and 200 
mesh copper). 1\vo grids were attached to the metal sampling hou5ing with double stick tape in the case of 
the plume sample and to the side of the Van just below the roof in the case of the ambient sample. 

PARTICLE AND GAS ANALYSfS 

Smoke Concentration and Yield 

The mass concentration of smoke was detennlned frOm the total volume of air sampled and the mass 
of smolre collected. The plume samples were collected for about 20 minutes and about 1 mg of smoke 
particulate was collected. This is a convenient sample size for gravimetric analysis· with a 0.01 mg sensitivity 
microbalance. The Kuwait ambient sample was collected for thirty minutes resulting,in the collection of about 
0.05 mg of particulate matter. The time averaged. mass concentrations @ee 'lltble l) for the. two plume 
·samples are 21 : 1 mYfur' and ts: : 1 mrfm.3 and 0.05 : 0.03 mrtm3 for the Kuwait ambient sample. 

. The co2 concentration in the plume corresponding to the 21 mgjrli3 .smoke· concentration is 650 : 
20 ppm by volume and the concentration in the Kuwait ambient sample was 380 ±20 ppm as measured by gas 
chromatography (GC) equipped with a thermal conductivity ru:tector operated at ZOO" C. The call"bration of 
the GC was performed using NIST Standard Reference Material 2634, 789 ppm of C02 in nitrogen with an · 
accuracy of :!: 8 ppm. These values are to be compared with a reference ambient le<~el of about 350 ppm in 
a pristine environment (1]. The CO !=()ncentration was below the detectable limit for the instrument (60 ppm). 

From the measurement of the smolre collected on the filter and the C02 concentration, the smoke 
yield of whitish smolre in terms of grams of smoke per gram of fuel can be computed using the following 
equation [2]: · 

(1) 

where F c is the mass fraction of carbon in the crude oil and Ys is the mass of smoke particulate divided by 
the mass of carbon in the combustion products including smoke and C02• We estimate Fe as 0.86 based on 
elemental analysis for Arabian light crude and obtain Yc of 0.13 based on the smoke mass.on the filter, the 
C02 concentration minus the background concentration, and the volume of gas sampled. Using Eq.(1), we 
Obtain a smoke yield of 0.11 g S!Doke per gram of fuel consumed. This number is an upper bound, since the 
mass of carbon in the fortn of volatile hydrocarbons is not included. ·• . •·. 

--.·.; 
.;..{ 

1 Certain materials and equipment are identified in this repon in order to adequately specify t~ 
experimental procedure. Such identification does not imply recommendation or endotsement by the Nation"iii 
Institute of Standards and Thchnology. .,. 
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Organic/Elemental Fraction · \~ 
The organiC/elemental carbon fractions were determined by Sunset Laboratory1 using a method

defined analysis similar to that described by Johnson ~ a!. (3]. The organic carbon was determined by 
measuring the carbon content of the vapors produced by heating the .sample in a helium environment, and the 
elemental carbon fraction was determined by heating the residue in a mixture of 2% oxygen in helium. As 
indicated in "Illble 1, the organic content of the plume sample was found to be 92 ·:!: 3 % and for the ambient 
sample was 72 :!: 5 %. 

Results of the PAH determinations of the filter and XAD-2 samples are shown in "Illbles 2 and 3, 
respectively. Except for a small pheuanthrene contamination of2.3 ng observed in the 'leflon filter blank, the 
filter and XAD-2 blanks were free of PAHs. Significant concentrations of PAHs were observed in Filter 11 
(plume sample) which was I~ with 099 mg'Df particulate matter (~ "Illblc 2). Detectable levelS of PAHs _ · 
were not observed in Filtet 12 (ambient sample), which was ~mposed of about O.OS mg of collected particu
late matter. Alargcr sample size would be nceck:d to determine the PAH distribution in the Kuwait ambient. 
Results from the analysis of NIST SRM 1649, used in this study for analytical quality assurance (sec "Illble 2), 
were in good agreement with concentrations listed in the SRM's Certificate. 

Detectable levels of PAHs were observed in both the upstream and downstream XAD-2 segments of. 
XAD-2 sample 11 (see "Illble 2). The PAHs measured on the downstream segment of XAD-2 sample 11 
exJ]erienced breakthrough during sampling and may not have been collected quantitatively. Three PARs were 
detected on the upstream segment of XAD-2 sample 12, with none detected on the downstream segment, 
suggesting that the PAHs were collected conservatively on the upstream XAD-2 segment. 

As indicated in "Illble 4, the whitish plume smoke is more than a factor of live higher in the amount 
of benzo[a]pyrene, which is often used as an indicator of the health impact of PAHs, per gram of sample than 
either Alberta sweet aude oil or the urban dust standard; on the other hand, it is about a factor 10 lower than 
the black soory smoke collected dui.ing the burning of Alberta sweet aude in the laboratory. This source 
information is one of the elements of a health effects analysis, which would also include the concentration of 
particulate to which individuals are exposed. 

Laser Microprobe Mass Spectroscopy 

-

The laser microprobe (LAMMA 500) is a time of flight mass spectrometer that utilizes a Nd:Yag 
pulsed laser as the ablation and ionization source [4]. LMMS has been used in a previous study on 
carbonaceous particles .in regard to source identification of atmospheric soot [5]. Particulate was analyzed 
from quartz fiber filters and from the particulate deposited on the 2 I'm cutoff size (sixth stage) of the 
impactor transferred to a quartz cover slip for the microprobe analysis. The negative ion spectra of the smoke /.J 
particle is shown in Figure 3. The carbon clusters ranging in size from <; to c10 is typical of all carbonaceous 



0 
materia!. The peaks at 16 (0-), 32, and 35 (Cr) may be characteristic of the smoke, but they also may arise 
from the fine ambient dust- LMMS analysis for possible PAHs was conducted by operating the laser at low 
power to gently desorb material from the smoke- The positive ion spectra (Figure 4) suggests the likely 
presence of PAH compounds. Peaks at mJz .. 2S2 could be the 5 ring benzo[a)pyrene, 276 and 302 could be 
six ring -PAHs, and 326 could be a 7 ring PAH. There are peaks not shown on this plot extending out to 
m/z=-450. Compared to the positiVe ion spectra for ambient samples collected in urban areas and to soot from 
the burning of acetylene, h appealS that the Kuwait smoke results in larger PAH type structures. Such 
information may useful in source apportionment though additional analytical measurements may be needed 
on remote samples to distinguish the crude oil smoke from other combustion sources such as wood burning. 

After examining the impactor sample by LMMS, the 2 11m sample was low temperature ashed in an 
oxygen plasma to remove carbon. The sample, viewed under light microscopy at 320X, revealed small dust 
or sand like particles. The laser microprobe analysis demonstrated that the particles are composed mostly of 
Si and have some Ba. Sand-like tnaterials may be a significant portion of the aerosoL 

Transmission Electron Microscopy 

A TEM grid exposed to ambient smoke was analyzed with a JEOL 200 CX transmission electron 
microscope. Tho smoke agglomerates were detected and their micrographs are shown on Figure 5. The larger 

· agglomerate has an overall length of about 10 11m with primary particle diameters ranging from 0.05 11m to 
0.2 11m. The smaller agglomerate has a length of about 1.5 11m with pritnary particle diameters ranging from 
0.15 to 0.3 11m. Compared to soot observed in laboratory scale burns, the two smoke agglomerates collected 
in Kuwait seem to have larger, less well defined primary spherules. 

PREUMJNARY CONCLUSIONSJRECOMMENDATIONS 

Umited data was ob~ from one ambieDt_site_and.one plume so that the conclusions.we draw must 
be considered suggestiVe rather thall definitive. Perhaps the greatest benefit of the measurements is to sbarpen 
the focus of future stndies in terms of the types of samples to be collected and the chemical analysis to be 
performed to allow quantita!Ne characterization of the smoke source term. for use in risk assessment-

1. The combination jet-pool fires produce a whitish ground level smoke that is primarily tnade up of organic 
carbon and a sooty plume emanating from the flames. BaSed on this obser<~ation and the high organic level· 
of the ambient sample, we hypothesize that the whitish ground level smoke Is the main component of the 
ambient aerosol in the local region (the country of Kuwait). 1b test this hypothesis, we recommend that a 
range of chemical measurements. including organiC/elemental carbon fraction be made in the whitish plume, 
in the sooty plume, and at SC\'eral monitoring locations in Kuwait. 

2. The carbon balance method indicates an upper bound of the white smoke yield as 0.11 g smoke per gram 
of fuel consumed. There is a need to include measurement of organic volatiles to obtain a more accurate 
estimate of the yield. Smoke yield measurements of both the black and white smoke need to be combined with 
burning rate information, wind velocity, and concentration for estimating the smoke emission from individual 
fires. 

3. The benzo(a)pyrene in· the whitish plume smoke for the one sample collected Is mid range between that 
of soot from a laboratory crude oil bum and that of crude oil itself. It Is recommended that the PAH analysis 
be made of the Kuwait crude oil, the whitish smoke, the black smoke, and of the ambient aerosoL 

·- . 
4. The LMMS spectra show po~l for providing tracer information on a particle by panicle basis for 
Kuwait smoke- It is recommende4 !hat smoke samples be collected from several wells together with samples 
of the crude oiL Single particl~ethodS including LMMS, analytical electron microcopy, and Raman 
scattering should be applied to detUmine their applicability for source identification. 

·:· 

-



5. Tiansmission electron microscopy results, while very limited, suggest that the primary size of the smoke ~ 
agglomerates is larger than is observed for laboratory scale burns. It is recommended that both electron _j 
microcopy and cascade impactors be used to quantiJY the size distribution and structure of the smoke from 
various well fires. The cascade impactor should also be used for collecting particulate smaller than 2.5 1-1m 
~erodynamic diameter for chemical analysis. Panicles In this size range can penetrate deep into the respiratory 
tract and are of concern for their health impact. 

6. Certified Reference Materials, when available, should be used as Internal quality assurance tools by ail 
laboratories Involved In the Kuwait Oil Well Fire measurement actMties. A listing of NIST Standard 
Reference Materials appropriate for the smoke related activities is available upon request. 
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Analysis of Smoke from Kuwait Oil Fires 

PAH Concentration Observed. in Kuwait Air Ftlter Samples 

Masses of PAHs ObserVed in Kuwait XAD Samples 

Comparison of PAH Content of Smoke, Dust, and Oil 

Gas Chromatographic and Mass Spectrometric Conditions used for PAH Measurements of 
the Kuwait Samples · 

Map indicating ambient (1) and plume (2) sampling sites relative to the Kuwait International 
Airport. 

· ... ~·· 
Photograph showing whitish ground level smoke and blac~t:smoke from a combination jet
pool Frre. The plume sample was collected 1 meter a~~the ground near the right hand 
side of the picture. ·!.!; 

_'".J.: 

Negative Ion Mass Spectrum of Ambient Kuwait Smoke .,. 
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Figure 4 Positive Ion Mass Spectrum of Ambient Kuwait Smoke 

FigureS Thmsmission Electron Micrographs of Ambient Kuwait Smoke. Left picture 6,000X, middle 
20,000X of same agglomerate, Right 30,000X of second agglomerate. 

APPENDIX: PAH ANALYSIS 

The PTFE filters were transferred to SO mL centrifuge tubes, spiked with 10 !J.L of a standard 
containing 7 perdeuterated PAHs and extracted ultrasonically in 25 mL dichloromethane (DCM) for 20 min. 
A particulate matter Standard Reference Material with known PAH concentrations (SRM 1649, Urban Dust/ 
Organics) was processed through the same procedure as the filter samples and served as a quality assurance 
sample. The filters were removed from the tubes and the extracts were centrifuged at approximately 10,000 
g's for 1 min. This centrifugation did not clarify the extracts so they were concentrated under N2 to < 2 mL 
and passed through a 0.2 IJ.m pore syringe filter (Anotop 10). The filter and SRM extracts were finally 
concentrated to .::;. 100 IJ.L in 4 mL amber vials prior to GC-MS quantification. 

The ·upstream and downstream segments of each XAD-2 tube were processed separately to check for 
breakthrough of any PAHs collected in the vapor phase. The XAD-2 cartridges were scored above the 
upstream segment of sorbent and the different segments were spiked with the perdeuterated PAH standard 
described above and extracted ultrasonically for 15 min with 10 mL DCM in 15 mL centrifuge· tubes. The 
XAD-2 extracts were transferred to other 15 mL tubes and concentrated under N2 to .::;. 100 !J.L. 

1Wo microliter volumes. of each sample extract was injected onto the GC column. Details of both the 
GC and MS conditions are specified in Thble 5. Each sample. was analyzed one time,- using a PAH standard 
solution (prepared at NIST) as a calilirant. 

Thble 1. Analysis of Smoke from Kuwait ()il :Well rtreS 

PROPERlY PLUME AMBIENT IAB. SCALE3 

PARTICULATE 21 ± 1 mg!m3 0.6 ± 0.3 mgtm3 100-200 mg!m3 

CONCENTRATION 15 ± 1 mg!m3 b 

C02 Concentration 650 ppm 350 ppm 1000-2000 ppm 

Smoke Yield 0.11 g smokelg oil" - 0.09 - 0.15 g sm./g oil 

Organic Fraction 92 ± 3 %d 72 ±5% 14-21% ' 

• Lab. Scale refers to data for Alberta sweet and Arabian light crude pool burns at the scale of 0.6 to 3 m 
in diameter (6, 7J. . 

b The error bounds are based on the uncertainty in the gravimetric determination of smoke particulate 
collected. 

c This value represents an upperbound. 
d The error bounds reflects the precision of the analysis. 

-



.~.;,,:::;:::...~~ble 2. PAH Concentrations Ob~erved in Kuwait Oil Fire Particulate Samples3 

(ngjmg unless noted, otherwise) 
PAH FILTER Blnk Cng) PLUME b AMBIENTCnglc SRM l649d 

phenanthrene 

anthracene 

fluoranthene 

pyrene 

benz[a]anthracene 

chrysene 

benzo[b]fluoranthene 

benzo[k]fluoranthene 

benzo[e]pyrene 

benzo[a]pyrene 

perylene 

indeno[1,2,3-cd]pyrene 

benzo[ghi]perylene 

2.3 100 

< 1 30 

< 1 76 

< 1 84 

< 1 28 

< 1 ' 34 

< 1 17 

< 1 9.0 

< 1 21 

< 1 19 

< 1 5.8 

< 1 13 

< 1 15 

a Uncertainties estimated from the measurement pr~cision 
concentrations or masses. 
Plume sampl~ - filter #11. 
Ambient sample - filter #12. 

< 2.3 5.0 (4.5) 

< 1 0.62 (0 .• 6) 

< 1 7.1 (7.1) 

< 1 6.1 (7.2) 

< 1 2.7 (2.6) 

< 1 3.3 (3.6) 

< 1 5.8 (6.2) 

< 1 2.0 (2.0) 

< 1 3.6 (3.3) 

< 1 2.7 (2.9) 

< 1 o. 77 (0 •. 8) 

< 1 3.1 (3.3) 

< 1 4.2 (4.5) 

to be ± 10 % of the listed 

b 
c 
d Concentrations in parentheses are the assigned values for standard Reference Material 

1649 [Urban Dust/Organics], analyzed for quality control purposes. . . . 

u ~ () 0 



u ·u 0 

Table 3. Masses of PAHs Observed in Kuwait XAD Samplesa 

(ng) 
XAD BLANK PI,.. XAD UPb PL XAD DOWNb AM. XAD UPc AM. XAD DOWNc PAH 

phenanthrene < 0.5 400 55 17 < 0.5 

anthracene < 0.5 50 4.4 < 0.5 < 0.5 

fluoranthene < 0.5 32 2.3 0.69 < 0.5 

pyrene < 0.5 26 1.9 0.92 < 0.5 

benz[a)anthracene < 0.5 o. 71 < 0.5 < 0.5 < 0.5 

chrysene < 0.5 0.78 < 0.5 < 0.5 < 0.5 

a Uncertainties estimated from the measurement precision to be ±·10% of the listed masses. 

b 

c 

Plume XAD - sample #11. 

Ambient XAD- Sample #12. 

·.·~._;~~;_;,-~::.; ~ ~ .. ~ 



Thble 4. O:lmparison of PAH Content of Smoke, Dust, and Oil3 

Sample 'Ibtal PAH/g sampleb benzo [a] pyrene/g sample 

Kuwait whitish smoke 490 l'g, (16 1£g{m3)c 19 l'g, (0.3 l£g{m3) 

Lab. Scaled 4800-5200 l'g 180-240 !'g 

Alberta sweet crude 1400 l'g less than 3 l'g 

urban dust standard about 50 l'g 2.7 !'g 

a Uncertainties estimated from the measurement precision to be ::!: 10 % of the listed masses. 
b The total PAH refers to PAHs collected on the f!lter and does include the contribution of the volatile 

fraction listed in Thble 3. 
c The numbers in () refer to the mass concentrations of PAH in air. 
d The results for the lab scale burns and the crude oil are taken from reference [6]. 

- Thble S. Gas Cuomatograpbic and Mass Spectiometric Conditions used 
for PAH Measurements of the Kuwait Samples 

Gas Ghromatography 

Column: 25m x 0.2 nun (0.15 11m phase) Smectic liquid crystalline phase 
Carrier: He, 6 psi head pressure 
"temperature Program: 37 • C (2 min hold), 30 • C/min, 200 • C, 3 • C/min, 
270 • c (hold) 
Injector: Cool on-<:alumn. 
Detector "temperature: 270 • C. 

Mass Spectrometry 

Electron Multiplier Voltage: 2500 V. 
Selected Ion Monitoring Program: 

Time (min) 

3- 16 
16-26 
26-44 
44-65 

Masses Monitored Camu) 

178, 188, 202, 212 
228,240 
252,~ 
276,288 

·.·~ 

-
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AIR QUALITY MONITORING IN KUWAIT 
FIRST NILU MISSION, 5-12 JUNE 1991 

1 INTRODUCTION 

3 

The Norwegian Institute 
by UNEP/WHO to plan and 

for Air Research (NILU) has been asked 
undertake air quality studies in 

Kuwait. The NILU tasks are part of the UN Inter-Agency Action 
Plan for the Gulf-region. The total Norwegian support amounts 
currently to 1 million USD, which has been transferred to UNEP 
in Nairobi. The Norwegian objective was to combat the destruc
tion of the environment in Kuwait and the Gulf region through 
the contribution of 1 mill. USD to acquire the necessary air 
quality equipment. 

NILU has submitted project proposals to several parts of the 
"Proposal for air pollution programme in connection with Kuwait 
oil field fires", presented by WHO on 13 May 1991. The latest 
versions of these proposals were: 

NILU monitoring stations for Kuwait (27 May 1991). Two 
permanent and one mobile station. 
NILU sampling stations for downwind support (27 May 1991). 
Use of dispersion models in an air quality surveillance and 

control programme for Kuwait (28 May 1991). 

2 OBJECTIVES 

The objectives of the first mission to Kuwait was to: 

Get acquianted with the existing air quality and meteoro

logical monitoring systems already available. 
Present and discuss the NILU proposals with local authori

ties. 
Visit existing and planned sites for air quality monitoring. 
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Visit to the NILU measurement site at the UNIKOM/NORMEDUNIT 

in Umm Quasr. 

3 UNEP FUNDS AVAILABLE FOR NILU 

In a meeting with Dr. David Mage in Geneva we were informed 

that from the 1 mill. USD transferred from Norway to UNEP in 

Nairobi, only 353.000 USD is available for the air quality 

monitoring in Kuwait to be performed by NILU. 375.000 USD was 

transferred to WMO, 72.000 USD went into UNEP (13% overhead), 

WHO has reserved 150.000 USD for the Heal-study and 50.000 USD 

were assigned for WHO services. 

From the WMO transfer -40.000 USD has been assigned for the 

"warning centre" and -34.000 USD for the repair centre. Some of 

the money could be used for NILU work under the budget items 

mentioned. These matters have to be cleared with WMO. 

4 VISIT TO UNIKOM-NORMEDUNIT IN UMM QUASR 

After obtaining UN identification cards as UN representatives 

in Kuwait, we could visit the Norwegian NORMEDUNIT in Umm 

Quasr. The camp is located in the UN controlled zone within the 

old Iraqi territorium. Major Hoel and P.O. Vinjevold have been 

undertaking air quality measurements at the field hospital 

since 7 May 1991. 

We inspected the NILU automatic air sampler (FK), the wind re

corder (Woelfle) on a 2 m mast, and the PAH (PUF) sampler. All 

equipment have been operating perfect. Vinjevold is doing a 

professional job with the equipment. 

The following data were obtained for analysis at NILU: 

Wind records, 7 May - 7 June 1991 

one PAH filter, 21 May 1991, 0700-1300 hrs (highly 

polluted) 
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one FK-filter for analyses of soot, and microscopical 

analyses for identification of particles. 
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The plumes from the burning oil fields to the southwest have 

only rarely hit the hospital area. This is due to a predominant 

fairly strong north westerly flow during spring and summer. 

Conditions might be considerably worse during the fall season. 

During one day on 16 to 27 May the smoke hit the umm Quasar 

area. The 24 h average concentrations of so2 and soot were re

corded to 36 ~gjm3 and 399 ~gjm3 respectively (see Figure 1) . 

The wind recorder is located in the middle of an open field 

(-100 x 60m2) with high trees 30m to the east and south and 

low buildings to the north. 

After discussions with Major T. Munkelien and T.M. Heel its was 

decided that samples (filters and bottles) should be sent by 

personnel travelling between Kuwait and Norway every two week. 

We will prepare two NILU bags for this purpose. A test using 

DHL from NILU via the Norwegian embassy in Kuwait proved 

successful. A package of 15 kg reached the embassy in 5 days 

from NILU, and is being picked up by UN personnel in the 

Embassy. 

THE MONITORING STATIONS IN KUWAIT 

We were informed by dr. Mostafa el Desouky about the monitoring 

network in Kuwait. Three stations; Mansoria, Rabia and Riqqa 

have been in operation for years (see map, Appendix C). Rabia 

has been used for repair and spare parts, which means that only 

two stations are operating at the moment. At these locations 

the following parameters are measured every 5 minute: S02 , H2S 

(sulphate), NO, N02 , 03 , co, HC (NMHC), temperature, relative 

humidity, wind direction and speed. We also visited the station 

in Mansoria. (Fore a more detailed description of the site, see 

Appendix B). Data are collected on a cassette tape and printed 

out on a digital desk writer every 5 min. Manual calibration 
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Figure 1: 24 h average concentrations of SOz and soot measured 
at the NORDMEDUNIT Hospital in umm Quasr during 15-
31 May 1991 
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and zero adjustment are carried out every 15 to 21 day. Auto
matic span cheque is performed every 25 h. Span gases have to 
be imported and are bought at fairly high concentrations. For 
S02 the concentration is 407 ppm, which is diluted in the in
strument by a factor 1/1000. 

The wind sensor is a swiss made propeller (Gill type) with 
three axis. The bearing on the propeller is changed every 6 
month to 1 year. The vertical propeller is not recorded at pre
sent. It might be possible to obtain a rough estimate of the 
one hour average cr.-value. 

Data on the cassettes are brought to the central computer at 
the Environmental Protection Department (EPD). Statistical eva
luations are performed on a VAX main frame computer. 

6 ENVIRONMENTAL PROTECTION DEPARTMENT (EPD) 

In the EPD we had several meetings with dr. Ibrahim Hadi, dr. 
Mustafa el Desouky, dr. Mahmood Y. Abdulrahem, dr. Mohamed Abel 
and others. The EPD presents monthly and annual reports on the 
air quality monitoring programme. Some results are presented in 
Appendix c. Results from measurements performed after the war 
were also obtained. These are presented in Appendix D. 

During the discussions we were told that several attempts have 
been made to estimate the emissions of gases 

the oil fires. None have been successful 
claims. He indicated that 6 mill. barrels of 
day at -3000 op, About 5% (some claims up to 

and particles from 

so far dr. Desouky 
oil burns every 

15%) of the oil is 

not burned. This means that -40.000 tonnes of soot and smoke is 
produced every day. With an assumption of 4.1% s in the oil, 

-65.000 tonnes of so2 and -40.000 tonnes of N02 is released 
into the atmosphere every day. We also received a map showing 
the remaining oil wells on fire as of 9 June 1991 (Appendix E). 
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Some of the plumes are white, which as assumed to be caused by 

groundwater vapourized into the plume. This vapour plumes have 

not been verified by aeroplane measurements performed by Ameri
can scientists. 

High concentrations of so2 dr. Desouky claimed, have not been 
measured downwind from the oil fires. (This is not in agreement 
with French measurements performed in April) • Two week averages 
of PM10 have been measured at 400 to 460 ~gfm3. One day (on 9 
April 1991) it was recorded 1160 ~g/m3 at a hi vol sampler in 
Addan hospital. 

The meteorological conditions are at present beneficial for the 
air quality of Kuwait city. During a visit to the south of the 
city we could see the black clouds (-70 km from the city) 
darkening the sky making day into night. It is assumed that 
when the predominant strong winds from north east weakens 
during August and the winds become light and varying, the con
ditions get considerably worse for the larger part of the popu
lation living in Kuwait city. 

Discussions with Mr: Yosi, responsible for computer operations 
at EPD, revealed that air quality data at present are collected 
every 4 day on cassette tapes. Data every 5 min are transferred 

to the Vax main frame computer (see Appendix F). The computer 
is a Vax 11/730 with VMS system version 4.4 •. and has no capa
city for modelling purposes. NILU will have to provide a PC for 
data communication via modem (telephone lines) to the central. 

7 THE LABORATORY IN SHUWAIKI 

Dr. Mahmood Y. Abdulraheena, miss Sabah and others met with us 

at the laboratory in Shuwaiki. At the roof of one of the buil
dings we saw 2 Andersen type Hi-Vol samplers with filters and 
PUFs, one SOz bubbler for 24 h average concentrations (manually 
changed every morning) and a simple dustfall collector. 
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A semimobile lab (belonging to the University) was being built 
up again after the war. This isolated "container on weels" for 
pulling after a car was typically located for measurements 
during two weeks at each site. 

The van had a cooled entrance room. In the air conditioned main 
lab. was one He-analyzer (model 810 from Thermo-Environmental 
Inc.). Also the NO/NOx (mod. 14), and a so2 (mod. 43 A, UV
fluorescens) was from Thermo Environmental. A met-one wind 
system, a CO monitor with calibration unit, and a Sum X data
logger and printer for printouts every 5 min. was included in 
the van. Problems with some of the instruments are not yet 
solved. They have, however, planned to move the van to the 
south of Kuwait City to catch the center plumes from the 
burning oil wells. 

Inside the lab we were presented to the analytical procedures 

and equipment. It was impressive to see how much this group has 
managed to keep away from the plundering and damaging during 
the war. Among the equipment was one SP 190 Automatic Absorp
tion Spectrometre, Autoanalyzer (UV and IR), Perkin Elmer Sigma 
115 Gas Chromatographs (some of the newer GCs were taken by the 
enemy), and one HP GCMS 5995. 

Hi-Val filters are devided into 4 parts, one analyzed for S04 , 

N03 , Cl, Na, K and ca, the second for heavy metals and the last 
two for organic compounds. About 30 filters are analyzed each 
month. PAH are analyzed at present for 11 compounds on filter. 
An example chromatogram show a benzo(b)fluorethene + benzen c 
concentration of -96 pgfm3. The lab also uses Tenax tubes for 
voc analyses. An example of a "fingerprint" of burning crude 

oil was presented (Apendix G). The laboratory also has used a 
Monostatic Sodar system from Aeroenvironment to estimate mixing 

heights and surface based inversion heights in Kuwait city 

(Appendix G B)). 
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8 VISIT TO THE NILU MONITORING SITES 

Two sites for the NILU monitoring stations have been selected: 

Jahra, at the hospital 30 km west of EPD. 
Mina Al Zoor, at a power plant site, 80 km south south-east 
of EPD. 

At Jahra the NILU station will be located at the roof of the 
hospital building (3 stories). Power is available a few metres 
from the site. Telephone lines can be obtained from the buil
ding. A truck with a lifting crane can move all the way into 
the building and place the NILU container on the top of the 
building. 

At Mina Al Zoor the NILU container will be placed on the roof 
of a low building in the living quarter at the north western 
corner of the power plant site. Power is available. Telephone 
lines will be made available. 

9 THE NOAA METEOROLOGICAL NETWORK 

The us NOAA (National oceanic & Atmospheric Administration) is 
at present locating 18 meteorological stations distributed all 

over Kuwait (see map Appendix H). In charge of the us team is 
William Pendergrass (NOAA, Oak Ridge) with whome we met. In 
addition to the meteorological network, US EPA has also brought 
in 9 PM10 particle samplers. The locations of these samplers 
are presented in Appendix H B). 

The meteorological stations are equipped with R M Young Campel 
type wind propellers on a wind vane for measurements of hori
zontal wind directions and wind speeds included estimates of 

standard deviations. Pressure, temperature and relative humi
dity is also recorded. The data are transferred via radio 
communication to the central CPB office every hour. A data file 

is created with 5 min, 15 min and 1 h average data on a IBM AT 
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computer. Each station has also a local storage capacity of two 

days. 

Data can be achieved from the IBM computer in ASCII-format. 
NOAA will create wind fields every hour in a 1 to 10 km grid. 
It should be no problem to establish an interface between the 
NOAA wind field output data, to the NILU dispersion modelling 
system (on HP Apollo). An example of a first temperature plot 
created at CPB on 9 June 1991 is shown in Appendix H C). 

lO HEALTH INVESTIGATIONS 

We were pleased to arrange a meeting between dr. Mustafa El 
Desouky and two Norwegian medical doctors; dr. Jens Holmboe, 
UNIKOM forces in Kuwait city and dr. Tor M. Hoel, NORMEDUNIT, 
Umm Quasr. Dr. Holmboe will spend one year in Kuwait, and is 
planning to perform a medical study (investigation) on a selec
tion of one hundred persons highly exposed and less exposed to 
the plumes from the burning oil wells. 

Dr. Holmboe briefly-presented a first draft of a project propo
sal, where he indicated that a number of people would be 
followed every 2 month for the first half year and thereafter 
every 6 month. Several different types of chest studies and 
x-ray investigations will be undertaken. 

During the discussions it was also mentioned that the Kuwait 
Health Department will perform a cohort investigation on -500 
persons in the Riqqa region. These are supposed to be followed 
up during the next 20 years. People selected from 11 clinics in 
Kuwait are also followed with various kind of "objective stu

dies". 

NILU pointed out the importance of establishing dose/response 
relationships. It was understood that also good air quality 
data and exposure estimates had to be available parallel to the 

health data. 
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11 WATER PROBLEMS 

We briefly discussed other environmental problems in Kuwait. 
There is a comprehensive need for support in the field of water 
research. Kuwait needs "everything from simple pH-metres to re
search vessels". Drinking water quality problems have not been 
specified due to lack of instruments for bacterial counts etc. 
Atomic absorption instruments for analyses of water samples 
were destroyed during the war. Marine and sewage problems are 
also evident without enabling quantifying. Dr. Mahmood Y. 
Abdulrahmuna will visit Paris from 11 June 91 to "cry for 
help". 

The Norwegian Institute for Water Research (NIVA) has been 
notified. A description of the problem, which was presented by 

dr. Mahmood, has been sent NIVA. 

12 NORWEGIAN EMBASSY 

We visited the Norwegian Embassy in Surra, Block 13, Street 13 
where we met with mr. Jan Brate, mr. Bj~rn Bjerkas and mr. 
Bj~rn Eriksen (Eksportradet). Mr. Jan Brate was informed about 
the NILU project plans, about the financial situation and about 
the results of discussions and site inspections in Kuwait. 

13 PROTOCOL 

A protocol with conclusions and agreements was established at 
the end of the visit to Kuwait. This protocol is presented in 

Appendix I. 

C) 
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APPENDIX A 

A) APPLICATION FOR VISUM TO KUWAIT 

B) PEOPLE WE MET 
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WORLD HEALTH ORGANIZATION~ .. ~ORGANISATION MONDIALE DE LA SANTE 

~ ~ 

"'" 

Telephone Central/Exchange: 791.21.11 

Direct: 791 

lo reply please refer to: 

PriCre de rappeler ta reference: 

V\SAS 

Consulate General of the State of 
Kuwait 

GENEVA 

05 June 1991 

The World Health Organization in Geneva presents its 

compliments to the Consulate General of the State of Kuwait in Geneva 

and has the honour to submit to them the enclosed 

passport No G 0036655-7 issued to Mr Bjarna SIVERTSEN 

being of norwegian nationality who is travelling on 

official duty for the World Health Orqanization to Kuwait 

on 5 June 1991 

The World Health Organization therefore requests that 

this document be endorsed with 

an entry visa valid 1 week 
within three months 

The World Health Orqanization takas this opportunity 

of renewing to the Consulate General of the State of Kuwait 

its assurance of high esteem. 

Annex 1 laissez-passer 
2 forma 
2 photos 

1111 C:F.NFV .4. ?7.SW1T7F.R T_AND Te1e•r-~ UNI~ANTF..C.F.NEVA Telex:. •US416 OMS Fax 791.07.46 1211 GENEVE 27-SUISSE TCICgr,:UNISANTE-GENEVE 



PEOPLE WE MET 

Mr. Ibrahim M. Hadi, director EPD/secretary of EPC 
Dr. Mostafa El Desouky, technical advisor, EPD 
Dr. Mahmood Y. Abdulraheem, dep. dir., EPD 

Mr. Yosi Malek, computer facility, EPD 
Eng. (miss) Sabah Abd Al-Wa, responsible for monitoring 

stations, EPD-laboratory 
Dr. Mohamed Abel, EPD laboratory 
Mr. Ahmed Avorasiba, technical expert, EPD, head of workshop 

Dr. Danny Foster, WMO representative 
Mr. William R. Pendergrass, NOAA Oak Ridge, responsible for 

met. network 

Mr. P.O. Vinjevoll, NORMEDUNIT, UNIKOM 
Dr. Jens Holrnboe, UNIKOM, health study, Kuwait city 
Major Tor M. Hoel, NORMEDUNIT 
Major Tor Munkelien, NORMEDUNIT, commander 

Mr. Fr0ystein, NORMEDUNIT 

Mr. Jan Brate, Norske arnbassade, Kuwait 
Mr. Bj0rn Bjerkas, Norske ambassade, Kuwait 
Mr. Bj0rn Eriksen, Eksportradet, Ambassaden i Kuwait 
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U. S. INTERAGENCY 
AIR MONITORING TEAM 

MEF'A 
966-3-857 5732.5464,6264.5300 Ext. 411/412/417 
966 - 3 - 857 6520. 6260, 0876, 1428 Ext. 32 
Fax 966- 3 - 857 5304, 6752 

GULF MERIOIEN HOTEL 
966-3-864 6000- Fax 966-3-898 1651 

UMI'ED NATIONS ElMROI'IMENI'PROGAAMME. 
lllllln'Eil·AGEIM:YPLAIIOFACTIOIIIII1li!.ROPMERf.GlOII 

DR. PETER LITERA THY 
TukTuml.Hder/Co odil...., 

do REGIONAL ORGANIZATION FOII1HE PROTECTION 
OF THE MA!UIIE El'IV!IONMENT 

P.O. Box 26388 - 13124 SAFAT • KUWAIT 
Tel. Off: 5312140-3 • Ttx: 44591 ROPME • Cable: ROPME 

T> i r-e..c.J- ! s-n s 2-:n-
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Environment Protection Department 

Mioistcy of Public Health 

Technical Advisor 

~- i f"\Y'( 
Tel. Off. : 2456832 

Fax : 2421993 
Res. : 5717303 

P. 0. Box 35035 
Al-Shaab - Kuwait 
Telex: 46408 EPCNCL KT. 

DR. MAHMOOD Y. ABDULRAHEEM 
Deputy Director 

Environment Protection Dept. 

Tel. 24S6833 
2456834 

Reai. 5386319 

Ministcy of Health 

P. 0. Box 24395 Safat 
13104 Kuwait 
Tix. : 46408 EPCNCL 
Fax. : 2421993 

• 
IBRAHIM M. HAD! 

Sccrel•ry 
~ Environment Proleclion Council. and 

DIRECTOR 
Environment Prorcclion Department 

Ministry o( Public Health 

Tel 12456835 
2456836 

Fax 2421993 
Res. 5319405-5313374 

P.O.Box 24395 
Safat - KUWAIT 
Tlx. 46408 EPCNCL 

NATIONAL OCEAHIC. ATMOSI't+ERIC ADMINISTRATION 
ENV*RONMINTAL M:llAftCH LAIORATORES 

ATMOSI'HEJUC 'NIIIIUI.fNCE. OFFUSION lABOU.TORY 
4H SOUTH UIIIOia AYE. 110 .OX 2451 

OAK RtOOE TN 371l1·2<1H 

WIWAM R. PENDERGRASS 
PHYSICAL SCIENTIST 

1111117H2M 
(f'TSJIH-12M 

FAX 11111178-2222 
FAX (FTSJI28-2222 
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APPENDIX B 

THE HORIBA STATION IN MANSOURIA 
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HORIBA STATION MANSOURIA 

The station is built up in a container with an entrance room as 
a working place for the maintenance assistant while inspecting 
the station. Between the foreroom and the instrument room is 
a sluice to prevent dust from entering the instrument room. 

Cooling off the instrument room is performed by 2 air condition 
units "windowtype" in the end wall. 

The central intake was a 10 em stainless steel tube through the 
roof ending in a small fan. All monitors took sample air from 
this intake. The instrumentation was as follows: 

1. Horiba model APHA-2010 Hydrocarbon monitor. The measuring 
principle is a flame ionization detector (FID), a partial 
combustion unit and a time controlled valve which gives 
signal out for total hydrocarbons (THC) and non-methane 
hydrocarbons (NMHC). The central data logger computes the 
content of CH4 • 

2. Horiba model APNA-2010 Nitrous oxides monitor. The measur
ing principle is a single channel chemiluminescense detec
tor. A time controlled valve gives NO and NOx as output. 

The data logger computes NOz as No.-No. 

3. Horiba model APOA-2010 Ozone monitor. The measuring prin
ciple is a chemiluminescense detector based on oxidizing of 

ethylene. 

4. Horiba model APSA-2110 Sulphur monitor. The measuring prin
ciple is a flame photometer with a burning hydrog.en flame. 
The monitor measures total sulphur (TS) which is defined as 
a sum of HzS and so2 • A scrubber which removes the HzS is 
put into the sample input with a time controlled valve to 

produce an output of SOz+HzS=TS and SOz from the instru
ment. The HzS concentration is computed in the data logger. 



22 

5. Horiba model APMA-2010 Carbon monoxide monitor. The mea

suring principle is based on infrared absorption with re

ference to co. 

6. Meteorological instruments were mounted on a low mast at 

the roof. The instrumentation consists of: 

a) A 3 axis propeller anemometer, Swiss type. 

b) Temperature sensor based on termistor. 

c) Relative humidity sensor, Vaisala Electrochemical 

type. 

d) Pressure sensor 

e) Solar radiation 

f) Ultraviolet radiation 

7. The particle concentration is measured with a "Digital Dust 

Indicator" (Aartac Inc., 

intake. The principle 

degrees scattered light. 

model P5) connected to the central 

is continuous measurement of 90 

8. All monitors, sensors and instruments are controlled by a 

data logger from the Swiss company ALCYON. 

The data logger is controlling daily span and zero check on 

all instruments based on 25 hours intervals. Data is compu

ted every 5 minutes and recorded on a cassette tape and on 

a printer. Every hour is a simple maximum, minimum and 

sorting on wind direction and speed statistics printed on 

the printer as well. 

The calibration of the monitors is controlled manually 

every 21 days. This is performed by span gases with a dilu

tion system of about 1:1000. Span gases for so2 , NO, CH4 

and co is used. 

The output to the tape and the printer is: Time, TS, H2 S, 

S02 , THC, CH4 , CH4 , CO, NH3 , NOx, N02 , NO, 03 , temperature, 

humidity, Ws, Wa, pressure, solar, UVR and dust. The system 
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has 2 spare channels for possible expansion. NH3 is not 

measured on the Mansouria station, but on the other sta

tions. The measuring principle is a converter connected to 

the NO/NOx monitor. 

All systems 

large 230/110 

are running on 110 Volt AC which requires a 

Volt transformer. The datalogger was equipped 

with a battery system for keeping the system clock undis

turbed of mains failures. 

The sample input to the monitors was protected with filters 

which had to be changed every week. 
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APPENDIX C 

AIR QUALITY DATA JUNE 1990 
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:OlONTHL.Y MEAN CONCENTRATION OF THE GASES EXPRESSED AS PPM AND PPD 
RECORDED BY THE AIR POL.UriON f'iONITORINC STATIONS TOGETHER '.JITH THE 

MAXII1UM LEVEL AND THE PERCEtHAOE DISTR113UTIOI.J OF THE VAL..UES 
EXCE!EDING THE THRESHOLD LEVEL. DURING 

~UNE 1990 

!--------------------------------- -------· ------------------------------------------! 
LOCATIONS 

!-----------------------!-----------------------!-----------------------! 
M~.NSORIA RASIA REQA 

·------------------- ---!---·-------------------!-----------------------! 
GAm:::s MEAN ! MAX ! :t.EX. f"!SAt./ ! MAX ! i~EX. MEAN ! 

! ! ! ! l-IMIT! ! ! LH1IT! ! 
MAX 1 • i':EX 

( LxM.IT • 

! ------------! ------- !--------! ------·--- ·--- !-------- !------! -------! ----~ --- !\------! 
TS IN PPB 2. 71!.:5: 85.0001 15.3781 932.0001 l. 87~1 21. OQQ,) -- : 
H2S INPPB ·1.2511 84.0001 :5.:5 12.46:"31 863.000116.5 0.2531 20.000: 1.~ 
902 -IN PPS ·1. 431: 12.0001 0. 0 2. 9581 142.0001 1. 2 1. :i!B4: 3. 0001 0. 0 
THC INPPM 2.1161 8.0601 C:.0811 9.0701 2.1381 9.419'• --
NC~l4 IN PP/1 0:..;3421 6. 1301 49. 9 0. 6501 4, 2:501 87. 1 0. 3:571 7. 6,901 39.2 
CH4 INPPt1 •. 1.7721 4.:520: 1.4311 6.1301 1.7801 4.6oo: 
NOX IN PPB 26. 224 I 460. 000'1 28. 011 I 2:51. 000 I ~3. ~3: 540/000 I 
NO . IN PPB , . 5. 3321 340.·000: 3. 3 7. 6651 208.0001 2. 8 10.2181 445.0001 5. 0 
N0.2 IN PPB 20.8951 178.0001 11. 1 20.3571 120.0001 ~. 3 :i!3. i263ll242. 0001 B. 3 
CO. IN PP/1 0. 8461 U: 9101 0. 1 0. 8031 7. 3201 0. 0 0. 7741 37.0601 0. 2 
03 IN PPt1 0. 013-: 0. 1371 0. 4 0. 0101 0. 0661 0. 0 0. 0121 0. 0531 0. 0 
NH3 IN PP/1 l I · l l 0. 0631 1. 5801 tO. 8 

-------------!-------!--------!------ -·------!--------!------ -------!---- ---!------! 

( ' - 2 ) ~J JJ"'-'t 

TI-IC:: M€:AN CONCENTRATION OF TH~ LEVEL OF SULFER COMPOUtoiOS 
EXPRESSED IN PPD RECORDED AT MAI·JSORIA• RAEIA ~ REQA OURif~G 

JUNE 1990 ACCORDif\:C TO 3-HOUR INTERVAL OF THE DAY 

!-----!--------··-------------!---·-------------------!-----------------------! 
TOTAL SULPHER HYDROGENE SULPHIDE SULPHER OlOXIDt:: 

!HOURS!---·-------------------!-----------------------!-----------------------~ 
!'IAN RA3 RI!G t1AN . ! RAB REO MAN RAE H£0 

!-----!--- ---!-------!-------!--- ---!-.. -----!-------!-------!-------!-------· 
1 o-2 : 4. 76SI 36. o;;:3: 2.1661 3. 3:5~: 82.372: o. 706: 1. 335: 4. 693: 1. 2031 

!-----!-------!----·--!-------!---·---!-------!-------!-------!-------!--------! 
I 3-~: 5.0141 39.802: 1.6401 3.5801 3So.331: 0.2321 1.355: 4.4681 1.1301 

!-----!---·---!--~----!---~---!--- ---!- -----!-------!-------!-------!-------! 
I 6-8 I 2.5171 12.9081 1.4951 1.1141 10.1771 0.1011 1.3471 2,6701 1.2001 
!-----!--- ---!-------!~------!--- ---!-· -----!-------!-------!-------!-------! 
: 9-11: 1.6011 2.911:11 1.6321 0.162: 0.60<11 0.0191 1.3781 :!.2901 1.276: 

!-----!-------!-------!-------!-------!-------!-------!-------!-------!--.. ----! 
112-141 1.~721 2.63~1 1.9311 0.0021 0.3071 0.0101 1.4801 2.2881 1.4721 

!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
115-171 1.6191 4.1451 1.9491 o.ooo: 2.1231 0.0031 1.5111 2.0121 1.38(;'1 

!-----!-------!-------!-------!-------!-· -·---!-------!-------!-------!-------! 
118-20\ 1.9801 7.5371 1.9691 0.2141 5.1271 0,2(;'7; 1.7171 2.44ll 1.329: 

!-----!-------!-------!-------!--- ---!-· -- ·--!-------!-------!-------!-------! 
121-231 1. 7591 6. 0061 2. 0671 0. 1851 :3. S251 0. 5371 1. 5151 2. 2641 1. 2:741 

!-----!-------!-------!-------!-------!---··--!-------!-------!-------!-------! 



0 
THE: MEAN CONCENTRATIOhl OF TH£ LEVEL or- HYDROCARBONS 

EXPRESSED IN PPM RECORDED AT MAI~SCiRIA, RABlA t.. REOA DURING 
JUNE 1990 ACCOROINC TO 3-HDUR l!../TERVAL OF THE DAV 

!-----!--- ----·--------------!--- -------- ----------~-----------------------! 
TOTAL HYDROCARBONS NON-11t:::THANE f11nHANE 

!HOURS!-----------------------!-----------···----------!-----------------------! 
MAN RAB RI!Q MAN . ! RA3 REG f1AI~ RAB HEO 

!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
I 0-::l J ::!.1:i31 2.10'1 2.1821 0.3061 0.64'11 0,3281 1,8461 1.4611 1.853: 

!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
: 3-5 : 2. 0901 1. 9011 2. 117! o. 1871 0.:5171 0. 2661 1. t;'02l 1. 3841 1. 849: 

!-----!-------!-------!-------~-------!---··--!-------!-------!-------!-------! 
1 6-El I 2.1711 1.9401 2.1181 0.3341 0.5961 0.3281 1.8371 1.3441 1.788: 

!-----!-------!-·-----!-------!-------!-------!-------!-------!-------!-------! 
:9-111 ~.1801 1.9681 2.1391 0.4371 0.:5E2! 0.3691 1.7431 1.3931 1.7651 

!-----!-------!-·-----!-------!-------!-------!-------!-------!-------!-------! 
112-14: :2.090/ 2.0:59/ 1.9~G/ O.S91: 0.6~11 0.239,' 1.6981 1.4391 1.7181 

!-----!-------!-------!---~---!--- ---!---- ·--!-------!-------!-------!-------! 
:1:5-171 J., 9:591 2. 1341 2. 041: 0. 2741 o. 6:571 Q. 3341 1. 6791 1. 4771 1. 7061 

!-----!--··----!-------!-------!-------!-------!-------!-------!-------!-------! 
118-201 2.1411 2.2371 .::t351l 0.4281 0.7691 0.:5841 1.70c;'l 1.4481 1.7671 

!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
121-231 2.~341 2.2701 2.3081 o. 4801 0. 7681 0.5031 1.7:541 1. 5021 1.8041 

!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 

< -4' - .2 > ~~ U.J.l.......:t 

THe MEAN CONCENTRATION OF THE LEV~L 
EXPRESSED IN PPD RECORDED AT 11AI.(SORIA, 

JUNE 1990 ACCORDING TO 3-HOUR 

OF NITROGENE COMPS. 
RABIA 1.: RECA DURING 
INTERVAL. OF THE DAY 

!-----!-------- ·--------------!-----------------------!-----------------------! 
! TOTAl.. NITROQE~lE OXIDES! NITROOENE f10~lOXIOES NITROGENE DIOXIUE 

!HOURS!-----·----------------!----------------------!-----------------------! 
I'IAN RAB REQ MAN .! RA3 REG f1AN RAD REG 

!-----!-------!-·-----!-------!------~!-------!-------!-------!-------[-------! 
:0-2 I 11.4091 17.670:23.1071 2.92:51 4.7101 5.2201 8.4811 13.01:51 17.8071 

!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
I 3-!5 I 4.8441 12.6671 1:3.2:56! 0.1741 3,0551 1.7241 4.6691 9.6231 11.,121 

!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
: 6-S I 29.570: 37,:5011 ~4.7211 9. 0991 1~.0331 9. 5861 20.4791 22.4801 ~5. 1141 

!-----!-------!-------!-------!---·---!-------!-------[-------!-------!-------! 
: 9-11: au.o~4: 24.021: 21.0~2: 1. 3~o: 3.940: 3.814: 24.1101 20. o:521 ~3. 3291 

!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
l12-141 20.7:58: 17.674: 14.6361 0.33~: 3.25~1 2.8921 20.3171 14.4381 11.707: 

!-----!-------!- -----!-------!--- ---!-------!-------!-------!-------!-------! 
115-171 23.632! 24.085122.6641 1.1301 ~.0421 :5.19:5122.420119.017117.418: 
! -----! ---··---! -------! -------! -------!- -----! -------! -------! -------! -------! 
118-201 ~~.9331 :50.001: 68.07:51 12. 72:5! 14.3711 26.0711 41.2:521 3:5.:5721 41.9681 
! -----! ---·----! -· -----! -------! -------! -· -- ·--! -------! -------! -------! -------! 
121-231 5~. 2661 4,. 911 f 7S. 83~1 17.7401 14. 04·91 37.8271 38. ~421 31.80:51 41.3201 

!-----!-------!-------!-------!-------!----·--!-------!-------!-------!-------! 
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THE ME'AN CONCENTRATIOI-1 OF 1'HC: LEV~L 
EXPI"IESSED HI PPM RECORDED AT 11ANSOR IA. 

..JUNE 11:190 ACCORDING TO 3-HDUR 

OF CCQ, 03 AND NH:.J) 
RAB lA ~ REQA OUR ING 
INTERVAL OF THE DAY 

!-----!------ ----------------!--- -------------------~-----------------------! 
CARBON 110NCXIDE OZOI.,f AI10NIA 

! HOURS!--------- -------------! ------------ ·----------! ----------------·----- --! 
/'IAN RAB FU!U 11AN RAS REQ f'iAN RAB REO 

!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
: 0-2 l 0.3821 0. 4601 0. 433: o.cos: 0.0111 0.0101 0. 0551 
! -----! ---·----!- -----! -------! ·-------! -------! -------! -------! -------! -------! 
l 3-~ l 0. 2~11. 0.3391 0. ~7Sl 0.0071 0.0101 0. 010: 0. 0341 

!-----!--- ---!-------!-------!-------!-··-----!-------!-------!-------!-------! 
: 6-8 I 0.9211 0. 9181 0.6811 0.007: 0. 0071 0. 0081 0. 0451 
! -----! -------! -------! ------- !--- ---! ---- ---! -------! -------! -------! ·-------! 
: 9-11: 1.oas: o. B1St o. 645: o.o1o: 0.0121 o.o1s: 0. 045: 

!-----!-------!-------!-------!--- ---!----·--!-------!-------!-------!-------! 
112-141 0.7721 0. ~631 0.399: 0.0181 0.0151 0. 0211 0. 056: 

!-----!-------!-------!-------!-------!---- ·--!-------!-------!-------!-------! 
11~-17: o. 1011 o. 73a: o. 582: o. 023: o.o14: o.o18: 0. 061: 

!----!-------!-------!-------!-------!---··--!-------!-------!------!-------! 
:18-201 1. 5861 1. 5161 1. 8331 o. 017: 0. 007: 0. 006: 0. 091: 
! ----! --- ---!- -----! -------! ---·----! --- ·---! ------- !-------! ------- !-------! 
:21-23: 1. sao: 1.384: 1.723: 0.0111 o.0061 o. oo41 0. 1211 

!-----!-------!-------!-------!---·---!-------!-------!-------!-------!-------~ 

( ' - 3 ) ~.) JJ~ 

THE 11E:AN CONCENTRATION OF THE" LEVEL OF' SULFER COT1POUNOS 
EXPRESSED IN PPD RECORDED AT MANSORIA, RABIA ~ REOA DURING 

.JUNE l?qo ACCORDING TO THE lHND DIRECTION 

!-----!-----------------------!--- -------------------!-----------------------! 
TOTAL SULPHER HYDROOEI·~€ SL•L..PHIDE SULPHER DIOXIDE 

WD !-----------------------!---------·-------------!-----------------------! 
NAN. RAB REQ ~ . MAN RAB REO 11AN RAB REO 

!-----!--- ---!~---··--!-------~-------!-~-~ ·--!--~----!-------!-------!-------! 
N 1. 477: 7. :i!o7: ·1. 9371 o. 01e1 5. oao1 o. 3oo: 1. 3761 :i!. 174: 1. 264: 

!-----!-------!-------!-------!-------!- -----!-------!-------!-------!-------! 
NE l 1.697: 0.000: 1.853: 0.4731 0.0001 0.0411 1.000: 0.000: 1.415: 

!-----!-------!-------!-------!-------!-· -----!-------!-------!-------!-------! 
E 1.4041 0.0001 1.014: 0.2:30: 0.0001 0.0161 1.156: 0.000: 1.4131 

!-----!-------!-------!-------!-------!---··---!-------!-------!-------!-------! 
sE : 1.o6:i!l o. ooo1 1. BI~: o.07~: o.oao: o. 001: o. 9601 o. ooo: 1.323: 

!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
S ;2.9071 10.4801 1.8131 1.241! 7.30£1.1 O.O:ii!:Ol 1.5981 3.1671 1.2781 

!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
SW : 8.0381 22.3381 1.2921 6. BOO: 18.8491 0.0561 1.09:i!l 3.423! 1. 0511 

!-----!-------!-------!-------!-------!---·---!-------!-------!-------!-------! 
l W 4.6091 84.1491 2.0211 3.094: 7S.Cil'261 0.8071 1.4631 8.4461 1.109: 

!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
NW I 1.6011 3.3321 1.7831 0.0261 1.2201 0.3:!8t 1.5::!51 2.0~31 1.224: 

!-----!---·---!-· -----!-------!--- ---!-------!-------!-------!-------!-------! 

C) 
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() 

THE f':E.AU CONCEIHRATI0!-1 OF n-it:. LEVEL OF HYDnOCARDONS 
EXPRESSED IN PPM RECORDED AT /"1-'lf~SORIA. RAI3IA 1.., REQA DURING 

,JUNE 1990 ACCORDir.IC TO THE Ulf./0 DIRECTION 

!-----! ---·---. ----- ---------- ~ ---------- -·- ·----------! -----------------------! 
! TOTAL HYCRCCARDONS NON-I~E1'H:t:NE METHANE 

wo !-------- ·--------------!-----------------------!-----------------------! 
! MAN ! RAI3 REQ t"lAN R/~B REQ MAN RAD REG 

!-----!-------!-------!-------!--- ---!-------!-------!-------!-------!-------! 
N 1. 993l 2. 0601 1. 9441 0. 293: 0. 6721 0. 1931 1. 6971 1. 3881 1. 749! 

!-----!-------!-------!-------!-------!---·----!-------!-------!-------!-------! 
NE t 2. 277 I 0, 000: 1. 883: 0. 606 I 0. 000 I 0. 1491 1. 663 l 0. 000 I 1. 733! 

!-----!-------!-------!-------!--- ---!-------!-------!-------!-------!-------! 
E : 2.S31i'l 0.0001 2.1941 1.0161 0.0001 0.439: 1.8:221 0.000: 1.7541 

!-----!---·----!-------!-------!---·---!-------!-------!-------!-------!-------! 
SE; 2.C:3:21 0.0001 2.•l13l 0.51~1 0.0001 O.o31l 1.7151 0.0001 1.7831 

!-----!-------!-------!-------!-------!---· ·--!-------!-------!-------!-------' 
: 5 : ;.!.~361 2.9901 2.~611 0.8211 1.0361 0.7941 1.71~1 1.9~41 1.766: 

!-----!--- ---!-------!-------!--- ---!----·--!-------!-------!-------!-------! 
SW I 2. ~231 2. 03~l 2. 74~1 0. 5841 0. 5451 0. CillO I 1. 9401 1. •J94l 1. 8361 

!-----!---·----!-------!-------!--- ---!-------!-------!-------!-------!-------! 
l.j I ;.'!. 1281 1. 6911 ir2. 'N6l 0. 27EJI 0. 5971 1. 010: 1. 81J9l 1. 1051 1. 935: 

!-----!-------~-------!-------!-------!-------!-------!-------!-------!-------! 
NW: 1.9681 2.1211 2.3101 0.2:2..21 0.6331 0.3611 1.7441 1.4891 1.9~51 

!-----!---·---!-------!-------!-------!-------!-------!-------!-------!-------! 

Tt-!E MEAN CCNCENTRATIGU OF TH~ LE'.'EL OF NITROGENG: COMPS. 
EXPRESSED IN PPD RECORDED AT t1AN50rtiA. RABIA t! REQA DURING 

JUNE 1990 ACCORDING TO THE tHNO DIRECTION 

! -----! ---·------ --- -- -------! --- ·- -------------·-----! --·----·-----------------! 
! TOTA!. NITA:OQENE OXIDES! NITRQr,Er~::.:: t~Q:>!OXIOES NITROGENE OIO:\IDE 

(JD ! ---·--------------------! ---------· -- ----------! -----------··-----------' 
f'>IAN RA9 Rl::U ! • /1AN RAB REQ MI\N RAB REO 

! -----! --.----- !-------! -··-----! -~-----' -· - • ·--' ·------! -------! ------- F ------- t 

N I 24.6651 25.4511 30.580: 3.26~: 6 3331 8.8581 21.3551 19.1191 21.7171 
! -----! ------- !-------! --------! -------! -------! -------! -------! -------! -------! 

NE : :17.8101 0. 0001 19. EJ4Sl 6. 0:3b! 0. OCO: 3. 7:251 31.2681 0. COO: 16.0821 
! ----- !-------! ··------! -------! -------' --- ·---' -------! ------··! -------! -------! 

E l 44.811: 0.0001 3!2.7191 6.66.3: C• CC.J: 7.057: 38.4591 0.0001:5.8791 

!-----!-------!-------!-------!-------'- -----!-------!-------!-------!-------! 
SE I 114.01~1 0.000: :!5.796: 5.9~2: O.CO•): ~.:21: 38.0701 0.0001 :0:0.~681 

!-----!-------!-------!-------!--- ---:-------!-------!-------!-------·-------! 
s : 91.9351 47. 902l 411. uos: 41.594: 13.:25:2: 11.5:241 50.382: 34.5431 33.3091 

!-----!-------!-------!-------!-------!---··--!-------!-------!-------!-------' 
sw 1 37. ~841 35.3701 as. 4021 14.612: to. 7341 37.1091 22.974: 24.6081 48. s13: 

!-----!--- ---!-------!-------!-------!-------!-------!-------!-------!-------! 
~J : ~4. 736: 44.9661 75.4751 7. 0~21 20.253: 38.6881 17.652: 24.7391 36.9941 

!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
NW: 1U.3611 23.6961 ::J.:I31l 1.7~41 5.1781 5.3;::1 16.630118.547117.9611 

!-----!--- ---!- -----!-------!-------~-------!-------!-------!-------!-------! 
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Tt-it::: MEAI-I 
EXPRESSED IN 

JUNE 

.,) - 3 ) ~J J-'~ 

CONCENTRATION OF TH~ \...E1.'El. OF <CO, 03 AND NH3l 
PP/1 RECORDED /-1T /14NSORIA, RAI3IA '.: REOA DURING 

1990 ACCORDING TO THE WIND DIRECTION 

~-----!-----------------------!-----------------------!-----------------------~ 
CARBON MONOXIDE OZON AMONIA 

I.JD ! --- ---- ·--------------! ----- ----·--- ----------! --------------------- __ ! 
f"IAI'\1 RAB R~U ' 11AN RAI3 REG f1AI.J RAI3 REG 

!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
N o. 8661 a. 819: a. 6111 o. 011: o. 0101 o. otor o. o4o: 

!-----!-------!-------!-------!--- ---!----·--!-------!-------!-------!-------! 
NF..: 1.203: o.ooo: 0.489: o.ott: o.oao: o.ot:J: : o.o341 

!-----!-------!-------!-------!-------!-------!-------!-------!-------~-------~ 
E 1.333: o.ooor o.a1e: o.o1sr o.ooo: o.0191 r o.0431 

!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
St! I 1. 3641 0. 000: O.l.J43l 0. 015: 0. COOl 0. 0261 : : 0. 094: 

!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
s 2.1261 1.038: 1.11-03: 0.0161 0.0071 0.018: : : 0.1391 

!-----!--··----!-------!-------!-------!---··--!-------!-------!-------!-------! 
I SW I 0. 914: 0. 8381 2.4291 0. 004: 0.0131 0. OOSl ---.I 0. 2821 

!-----!-------!-------!-------!-------!-------!-------!-------!-------!~------! 
I ~., : 0. 7~6: o. 970/ 1. 607: 0. 006: 0. 0091 0. 0031 : I 0. 122: 

!-----!------- -------!-------!-------!---- --!-------!-------!-------!-------! 
NI-l I 0.688 0.684/ 0.4391 0.0151 0.0111 0.0071 0.043/ 

!-----!--- -------!-------!-------!-------!-------!-------!-------!-------! 

THt::: MEAN CCNCC::NTRI1TIOtl OF THE LEVEL OF 5ULF"ER cm1POUNDS 
EXPRESSED IN PPD RECORDED AT MANSORIA, RAI31A ~ REOA DURING 

'-'UNE 1990 ACCORDINC TO THE t-HNO SPEED II-! m/s 

!-----!---~----·--------------!---~--------·----------!-----------------------! 
TOTAL SULPHE.R HYDROGEN€: SULPHIDE SULPHER DIOXIDE 

ws !--------:--------------!-----------------------!-----------------------! 
NAN RAS RE(J MAN RA3 REO MAN RAB REO 

!-----!---~---!----·--!-------!-------!-· -----!-------!-------!-------!-------! 
: 1o-n/s : '/. ~75: 79.071: 1. 917! .6. 109: 71.509: 0. 434: 1. 160: 7. 956: 1. 257: 
! -----! -~- ---! ·- -----! -------! -------! --·-----! -------! -------! -------! -------! 

l.EI73: 4.532: &!4.531: 0.3831 1.197! 4.0171 1. 232 I 
! ----! -------! ·- -----! -------! -------! ---- ·--! -------! -------! -------! -------! 
l 2-3 : 2. 5171 5. 9121 1. 9681 1. 1041 3. 6781 0. 3991 t. 3161 2. 3021 1. C::17: 

!-----!------~!-·-----~-------!-------!-------!-------!-------!-------!-------! 
I 3-4 : J.. 5731 4. B90l 1. ?191 0. 0341 2. 921! 0. 331 I 1. 490! 2. 0941 1. 2341 
! -----! -- ---! ------- !------- !--·----- !-- -- ·--! -------! -------! -------! -------! 
1 4-5 : 1.6341 4. 468l 1.940: 0.000: 2. 4~01 o. 283: 1.59Sl 2.004: 1. 296: 

!-----!-------!-------!-------!-------!---- ·--!-------!-------!-------!-------! 
: !5-b: 1.6491 4.7021 1.078! o.ooo: 2.705: 0.180! 1.625: 2.0221 1.357! 

!-----!-------! -------!-------!-------!-· --·--!-------!-------!-------!-------! 
: 6-7 : 1. 635: 4. 13~1 1. 753: 0. coo: ~.099: 0. 073: 1. 6281 2. 0301 1. 344: 

!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
: 7-B: !.5481 2.391: 1."1521 O.COO: 0,326! 0.0791 1.5411 1.9571 1.3271 

!-----!---~---!-------!-------!-------!-·--·--!-------!-------!-------!-------! 
1 a-•1: t.500I 2.ooo: t.7:J31 o.ooo: o.coo;.: o.047: 1.429: 2.ooo1 t.33a: 

!-----!-------~-· -----!-------!-------!-------!-------!-------!-------!-------! 
: 9-10: 1.ooo: 2. coo: 1. 769: o.ooo: o.ooo: o. 046: 1.ooo: 2.ooo: 1.366: 

!-----!-------!-------!-------~-------!-------!-------!-------!-------!-------! 
: 10""' ! 0. 000: 0. 0001 L 7941 0. 000: 0. 000: 0. 009: 0. 0001 0. 0001 1. 411 I 

!-----!-------!·-------!-------!-------!----·--!-------!-------!-------!-------! 

0 



0 

'] 

( .... - 4 ) rJJ JJ~ 

THE: MEAN CONCENTRATION OF THE LEVEL OF HYOROCARIJONS 
EXPRESSED IN PPi•l RECORDED AT f1ANSORIA. RADIA 1;. ftEQA DURING 

JUNE .l99C• ACCORDING TO THE l~lr-10 SPEED W m/o;; 

!-----!-----------------------!--- -------- ·----------!-----------------------! 
TOTAL.. HYDROCARBONS NCN-r~C:TH.':~NE METHANE 

ws !-----~--·--------------!------··----------------!-----------------------! 
/"lAN RAB ·! RF20 MAN RA3 REG MAN RAil REG 

!-----!-------!-------!-------!--- ---!---- --!-------!-------!-------!-------! 
: 1,,.;" : :2.7121 1. 6171 2. sao: o. 70s: o. oe2: o. 9661 :2. oo7: o. 9351 1. 894: 

!-----!------~!-------!-------!-~-----!-------!-------!-------!-------!-------' 
l 1-2 I 2.3iii!:Sl 1.9:521 :1.706: 0.:5:50: 0.6:56: 0.8.271 1.776l 1.294: 1.878: 

!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
: 2-3 l 2. 103: 2. 049: 2. :J60l o. 3941 0. 6:26: o. 541: 1. 7141 1. 424: 1. 819: 

!-----!-------!-------!-------!-------!-··-----!-------!-------!-------·-------! 
I 3-4 I 2.0301 :2.0721 2.:205: 0.2931 0.63•!1 0.4061 1.7411 "1.438: 1.799! 
! -----! -------! -------! -------! -------! -··-- --! -------! -------! -------! -------! 
l 4-S l ::!.0271 2.1:531 1.9441 O.C:39l 0.668:. 0.1971 1.7971 1.4851 1.746! 
!-----!-------!. -----!-------!-------!-------!-------!-------!-------!-------! 
: 5-b: 2.0301 2.:2511 1.8691 0.;;;1:.20: 0.703: 0.13~1 1. 8101 1. 5481 1. 7331 

!-----!--- ---!-------!-------!-------!-------!-------!-------!-------!-------! 
:6-7: 1.99~1 2.24'1 1.0:50: 0.1941 0.692: 0.116: 1.804: 1.5531 1.7301 

!-----!-------!-------!-------!-------!----·--!-------!-------!-------!-------! 
I 7-EJ: ::!.0141 2.0441 1.032: 0.1981 0.5411 0.100::!: 1.8171 1.50:2: 1.7.291 
!-----!-------!-·-----!-------!-------!-------!-------!-------!-------!-------~ 
:8-9 I 2.0811 1.8061 1AJ461 0.1991 0.4201 0.1191 1.8931 1.43~: 1.728: 

!-----!-------!-------!-------!-------!----·--!-------!-------!-------!-------! 
1 9-10: .1..95~1 2.ooo: LEJ39l 0.1631 0.4401 o.121: t.8oo: L:S6o: t.717t 

!-----!-------!4---··--!-------~--·4---~---- --!-------!-------!-------!-------! 
I 10+ 1 0.0001 0.0001 1.0001 O.C•001 O.OO•Jf 0.094: 0.0001 0.0001 1.70:5: 

!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------~ 

( ~- 4 ) ,...:..J J3~ 

THE: MEAN CO!-.!CtiNTRATION OF TH~ LEVEL. OF r-IITROGENE COMPS. 
EXPRESSED IN PPD RECORDED AT 11/.a.t·~SORIA• RADIA ~- REOA DURING 

.JUNE 1990 ACCORDING TO THE IHNO SPEED IN m/'!i 

!-----!-----------------------!------------·----------!-----------------------! 
! ·roTAI •. NITROOENE OXIDES! NITROGEN€ rmNOXIDES 1../ITROGENE DIOXIDE 

'~~ !-----------------------!-----------------------!-----------------------! 
MAN RAB R~Ci MAN RAB REO 11AN RAD REG 

!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
lm/s I tJtJ.1441 01.7471106.156128.9481 02:5.4'931 :57.~371 36.861126.:2771 48.7801 

-----!-------!-------!-------!-------!----·--!-------!-------!-------!-------' 
1-:i! I 47.874141.978:70.998: 17.0~81 1~.16:51 31.9941 30.76:5126.7811 38.977: 

-----!---·----!-------!-------!-------!-------!-------!-------!-------!-------! 
2-3: 29.7371 27.4C31 43,9:531 :5.:5711 5.8491 13.3511 :24.1111 21.6~01 30.7271 

-----!-------!-------!-------!--- ---!-------!-------!-------!-------!-------! 
3-4 I ::!1.1061 22.322128.619: 1.5701 4.1021 :5.6'951 19.:5451 18.2:591 22.8911 

-----!--------!-------!-------!-------!-------!-------!-------!-------!-------' 
4-~ 1 ltJ. 6701 19.9211 22.113: o. 9ao: ~- 0231 ~- 798: 15. 7~7: 16. ~01: 18.939: 

.-----!-------!-------!-------!-------!-------!-------!-------!-------!-------~ 
:5-6 l 14-~73: 18.296: 20.~241 0.469: 3.1!:~1 2.97:3: 14.18:2: 15.169: 17.508: 

!-----!--- ---!-·-----!-------!-------!----·--!-------!-------!-------!-------! 
1 6-7 1 13.299: 17.976: 10.4241 o.ce~: 3.4201 2. 431: 13.0o8: 14. ~84: 15.9401 

!-----!-------!-------!-------!--- ---!-------!-------!-------!-------!-------! 
I 7-B I 10. ~621 18.0301 16. ~:57l 0. 036: 3.4441 2. 4071 10.4761 14.6171 13.910: 
! -----! -------! -------! -------! -------! -·· -- ---! -------! -------! -------! ---.----! 
\ 8-9 l '/. Cbl: 18.222\ 14.5191 0. 0001 3. COOl 2. C24l 9. 667l 15. 1671 12. 4191 

!-----!-------!-------!-------!-------!-··-----!-----~-!-------!-------!-------! 
I 9-10\ 1::!. ~33l ~1.000: 13.283: O.COOI 7. 000\ 2.091: 12.3331 24. coo: 11.243: 

!-----!-------!-------!-------!-------!---- --!-------!-------!-------!-------! 
: 10+: 0.0001 O.OCO/ 13.278\ 0.0001 C•.C.)OI 1.926: 0.0001 0.000: 11.3801 

!-----!-------!-------!-------!-------!----·--!-------!-------!-------!-------! 

33 



34 

0 - 4 

THC: f":F.:AN CONCENTRATION OF THE LEVEL OF (CQ, 03 AND NH3) 
EXPRESSED IN PPM RECORDED AT !1Ah!SDRJA, RAillA '"'- REQA DURING 

JUNE 1990 I1CCCRDINO TO THE IJINQ SPEED W m/s 

! -----! ---·------- -------------! ------------ -----------! -----------------------' 
CARDON f10NO:UDE ozor~ AI10NIA 

1~5 !-----------------------!-----------------------!-----------------------! 
!'IAN RA3 Rr!Q ! . MAN R/<oD REG 11Ahl RAil REG 

! -----! -------! -·· -----! ------- !-------! ---- --! -------! -------! -------! -------! 
I lm/s l l. ~641 1.0921 2, 8501 0.0041 0. 0041 0. 0041 0. 118: 

!-----!-------! -------!-------!-------!-------!-------!-------!-------!-------! 
; 1-2 : 1.2561 1.0361 1.~!\81 0.009! 0.0071 0.0091 0. 095! 

! -----! -------! - ----- !--------!------- ~ -------! ------- ~ ----·---! -------! -------! 
: 2-:~: 0.9311 0,80~:. 0.987: 0.0101 0.0111 0.0121 0. 0~3: 

!-----!-------!-------!-------!--- ---!---- --!-------!-------!-------!-------! 
: 3-4 : 0. 7~81 0. 7011 0. ~28: o. 0131 0. 0131 0. 0111 0. 0821 

!-----!-------!-------!-------!--- ---!----·--!-------!-------!-------!--------' 
: 4-5 : 0.03~1 0. 6481 0, 5111 0.01~: 0.0131 o. 0121 0. 0541 

!-----!-------!-· -----!-------!-------!-------!-------!-------!-------!-------! 
: 5-6 : 0.607: 0. cos: 0. 4511 0. 017: 0.0121 0.012: 0. 033: 
!-----!---·---!-------!-------!-------!-.. --~--!-------!-------!-------!-------! 
: 0-7: o.~HSl 0.5931 0.•1:231 0.0~31 0.01:2/ 0.0131 0. 030: 

~-----!-------! -------!-------!---·---!----·--!-------!-------!-------!-------! 
7-o : o. ~se: o. 590: o.380: o. 024: 0.0111 o.o141 0. 0321 

-----! --------! -·- -- --! -------! -------! -------! -------! -------! -------! -------! 
8-91 u.4~~: o.~841 o.:J7o: o.o,a: o.ot•J: o.o14: 0. 0301 

-----!---··---!-------!-------!--- ---!---- --!-------!-------!-------!-------! 
9-101 o. 5851 1. 0201 0.3491 0.0291 0. cos: 0. 0151 0. 0261 

-----~-------!-------!-------!-------!- --·--!-------!-------!-------!-------! 
10+ : o. 7:501 o. 0001 0.3671 0:0041 0. oco: 0. 0151 0. 0221 

-----! ---·----! -------! -------! ----~ --! -------! -------! -------! -------! -------! 
( 1 - 5 ) ~.J J3~ 

Kedsurements of Ultraviol~t Radiation CUVAl , Record~d b~ 
IntE-rnational Light Det~ctor. Mutzhas l"ieter. and Eplab UV Detector 

during .June ( 1990) , e~pr~ssed in W/m'-.2 

:----:---------:---------:---------: 
·: IL 442 l Mutzhas lEplab UV-: 

:nate:netector : Meter !Detector : 
: 320-40Dno: 330-380nm: 290-::385n,-:~: 

:----:-------·-:---·-----:---------: 
1 ' 42. 67 

:----:---------:---------:---------: 
2··: 40-.Tb-- 34.-:io--- 1--44-.-33 -:-

:----:---------:---------1----- ---: 
3 : 40.83 35.23 41.00 

:----:---------:---------:---------. 
l IL 442 : Mutzhas lEplab UV-: 

:oatelDetector 1 Meter !Detector : 
1320-400nm1330-380nml290-385nm: 

:----:---------:---------:---------: 
: 16 : 41.83 37.30 37.67 
:----:---------1---------:---------: 
: 17: 44.00 38.96 
:----:---------:---------:---------: 
: 18 : 43. 00 37.76 45.33 

:----: -·--------: ---------:---------I :----: ---------:---------: ---------: 
4 ,. 39.00 34.00 32.00 : 19: 40.33 33.26 44.00 

:----:---------: --------:---------: :--~-:---------:---------:---------: 
5 1 39.67 35. 16 38.33 : 20 : 41. 67 34,93 43.33 

:----:---------:---------:---------: :----:---------:---------:---------: 
6 ' 1e. 33 15.76 21. 00 : 21 : 32. 67 23.67 37.00 

:----:---------1---------:--------- :----:---------:---------:---------: 
7 : 29.33 20. 67 31. 67 : 22 : 39. 67 

:----:---------:---·-----:--------- :----:---------:---------:---------: 
8 ' 44. 00 : 23.: . 8. 67 6.60 7.00 

:----:---------:---------:----- --- 1----:---------:---------:---------: 
9 : 44. 00 ~9.23 44.33 : 24 : 41. 67 36. 56 42. 33 

l----:---------1---------:--------- :----:---------:---------:---------1 
: 10 : 43.33 37. 93 41. 00 l 25 : 42. 67 36.20 44.00 
:----:---------:---------:--------- :----:---------:---------:---------: 
: 11 : 41.67 37.:37 : 26 : 41.33 35. 70 42.33 
:----:---------J---------1---------: :----:---------:---------:---------: 

38. 73 :27 I 43.00 38. 03 44. 67 
:----: -·--------: ---- ·----: ---------: :----:---------:---------:---------: 
: 13 : 41. ~3 36. 23 : c:s : 42.33 37. so 43.~3 

:----:---------:---------:---------: :----:---------:---------:---------: 
: 14 : 32.67 33.23 39. 67 : 29 : 32. 67 
:----:---------:---------:---------: :----:---------:---------:---------1 
: 15 : 43. 67 I ~0 : 45. 67 
:----:---------:---------:----- ---: :----:---------:---------:---------: 

J 
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Med~urements of Ultraviol~t Radiation CUVD> , Record~d by 
Pol~sulfon~ Films and International Light Detector 

during .June (1990) , expressed in '-l/m"'·2 

:----:-------------:-------------: 
Polysulfone 

:Date: F"i lm 
280-320nm 

IL 443 
Detector 
28C<-320nm 

~----:-------------:-------------: 
1 : 

----:-------------:-------------
PolljsuUone 

\Date\ Film 
280-320nm 

IL 443 
Detector 
280-320nm 

----:-------------:-------------
: 16 : 2.510 2. 510 

:---:-----------: -------------: :----:-------------: ------------
2 : 2.650 2. 520 : 17 : 2.850 2. 760 

:----:-------------:-------------: ----:-------------:-------------
3 : 2.800 2. 760 : lS l 2.520 2. 500 

:----:-------------:-------------: ----:-------------:-------------
4 : 2. 330 : 19 : 2.610 2. 550 

:----:-------------:-------------: ----:-------------:-------------: 
!:1 : 2. :530 2. 480 l 20 l 2.550 2. 590 

:----:-------------:-------------: ----:-------------:-------------: 
6 : 1. 270 1. 270 l 21 I 2.030 1. 960 

:----:-------------:-------------: :- --:-------------:-------------: 
7 : 1. 710 1. 700 : 22 : 

:----:----~--------:--------- ---: :-~--:-------------:-------------: 
B : : 23 : 0.470 0.230 

:----:-------------:-------------: ----:-------------:-------------: 
9 : 2.910 2.860 : 24 : 2.560 2. 540 

:----:-------------:-------------: :----:-------------:-------------: 
: 10 : 2. 990 2.9:50 : 25 : 2.910 2. 700 
:----:-------------:-------------: ----:-------------:-------------: 
: 11 : 2.900 2.980 : 26 : 2.740 2. 460 
:----:-------------:-------------: ----:-------------:-------------: 
: 1'2 : ~. 1~0 2. 920 \ 27 : 2.950 2. 770 
:----:-------------:-------------: ----:-------------:-------------: 
: 13 : 3.280 2.620 : 28 : 2. 740 2. 550 
:----:-------------:--~----------: :----:-------------:-------------: 
: 14 : 2.290 2.240 : 29 : 
:----:-------------:-------------: :----:-------------:-------------: 
: 15 : : 30 : 
:----:-------------:-------------: :----:-------------:-------------: 

35 



36 

( ""'"!'- 5 ) ~J J.:~~ 

Heasureunt.s or Sahr Radi.ilt.ion recorded b"' Har.soria Slat.ion 
durin~ June (1990) l!~~ressed in w;.-2 

l----I----J----l----l----1----l----l----l----1----l----l----t----J----I----1----I 
IHo•Jtl S l 6 1 7 I 8 I 9 I 10 1 11 I 12 1 13 I 1~ I 15 1 16 I 17 I 18 l 19 I 
l----l----1----l----t----J----I----I----I----I---·I----I----I----l----1----l----1 
I Da':l' I I l I I I I I 1 1 I I 1 I I I 
1-·--1 I I I I I I I I I I I I I I I 
I 1 I I 1211 3291 5391 7371 8871 975110101 9731 8481 6831 ~691 2521 531 I 
1----l----l----l----l----l----l----1----I----I----I----I----J----I----I----I----1 
I 2 I 1 1471 3~71 5701 7521 9051 990110291 9891 8661 6931 ~8~1 2631 621 I 
1----l----t----l----l----l----l----l----l----l----I----J·---I----I----I----I----I 
I 3 I I 1361 3HI 5"91 7331 8881 9701 9971 9591 83&1 6.!.&1 "&51 2511 501 I 
I----I----I----I----I----I----I----I----I----I----J----I----I----I----I----1----I 
I " I I 1251 3171 5301 7001 8"51 9""' 9901 9311 79&1 6"01 "571 2261 5"1 I 
I----I----I----I----I----J----J----I----I----I----I----I----I----I----I----1----I 
I 5 I I LHI 3511 5531 H&l 8981 9901 9851 9751 8501 6&31 "591 23"1 521 I 
l----l----l----l----l----l----l----t~---I----I----I----I----I----1----J----I----I 
I 6 I I 1281 3201 5'271 70"1 8301 7811 &631 7&81 7371 5911 "251 23&1 581 I 
I----I----I----I----I----I----I----J----I----I----I----I----I----I----I----I----1 
I 7 I I 1581 3861 6071 7991 916110021 8961 8181 "951 2931 1691 891 301 I 
l----1----l----t----l----l----l----l----l----l----l----l----l----t----l----l----1 
I 8 I I 1521 3901 6081 7951 9371101811053110101 8981 7321 5301 3001 711 I 
I----J----t----t----I----1----I----J----I----I----I----I----I----J-·--I-·--I----I 
I 9 I I 1551 3631 56"1 7791 950110U11078110371 90"1 7291 5281 28:51 HI I 
I----I----J----I----J----I----I----J----I----1----I----J----J----I----I----I----l 
I 10 I l 1"11 3551 5761 7651 8871 99"110101 9361 8511 6871 4871 26"1 661 I 
I----J----I----t----1----l----l----l··--l----t----l----1--~-l----l----l----1----l 
1111 I I -- I -- 1 -- I -- I -- I -- I -- I -- I -- I -- I -- I -- I -- I 1 
I----I----I----J----I----I----I----I----I----I----J----I----1----1----I----I----1 
1*12 I I -- I -- I -- I -- I -- I -- I --.I -- I -- I -- I -- I -- I -- I I 
l----l----l----l----l----l----l----t----I----I----J----I----I----I----1----I----I 
1*13 I I -- I -- I -- I -- I -- I -- I -- I -- I -- I -- I -~ I -- I -- I I 
I----1----I----I----I~~-·I----1----I----J----I----I~·-~J----I-~--I----I---·J----I 
111" I I -- I -- I -- I -- I -- I 970110071 96Vt SUI &751 "161 2:i61 671 I 
t----l··-·l----t----t----I----I·---I----I----I----I----I----I----J----I----1----I 
I lSI ·I 1~21 3561 5771 7671 926110~711053110001 8771 7151 "9"1 26"1 701 I 
I·---1----1----I----I----I----I----I---·I----I----I----J~-·-I----I----I-·--I-·--i 
I 16 I I 1331 3201 5301 7151 86"1 9411 9931 9621 8511 6251 3731 23"1 731 I 
J----I----I----I----I----I----I----I----I·---I----I----I·---I----I-·--1----I----J 
1'17 I I -- I -- I -- I -- I -- I -- I -- I -· I -- I -- I -- I -- I -- I I 
I·---I----I----I----I----I----I----I----I----1----I----J----J----1~---I----I----l 
1U8 I I -- I -- I -- I 8021 89211003110511 9871 88"1 7131 "931 2781 89 I I 
l----l----l----1----l----l----1----l----l----1----l----1----l----l----l----l----l 
I 19 I I 1<\11 HBI 5591 7611 8901 997110261 o;571 8811 7101 5021 2931 791 I 
l----l----l----l----l----l----l----l----l----l----1----:----1----l----l----l·---1 
I 20 I I 1371 3-\31 !5771 7~01 9021 96811026110011 8971 7131 5101 2681 751 I 
l----t----J----I----I----I----I----I----I----I----I----1----I----I----I--·-I·---I 
I 21 I I 1571 3661 5861 7871 9121 904\ 9601 8961 7721 5"21 "011 2071 611 I 
1----t----1----l----l----l----l----l----l----1----l----1----l----l----l----l----l 
1 22 1 I 1<\91 3611 5681 7491 8731 9711 9781 BHI 7&11 5891 2671 1381 421 I 
I----1----J----I----I·---I----I----1----1----I----I----I----I----I----I-··-I----I 
I 23 I I 1621 3981 6011 7601 7771 6""' ""61 5191 5251 "511 30&1 1811 Ul I 
l----l----l----I----I----J----1----I----I----I----I----I----I----I----I----I----I 
I 2" I I 1441 36~1 5771 7521 9211101:5110131 9791 7i61 6221 3771 1721 "21 I 
l----l----l----1----t----l----l----1----l----l----[----l----l----l----1----l----l 
1 25 I I 1391 3511 5701 7621 91611007110321 7161 9751 6771 H61 2591 051 I 
l---·l----l----l----l----l----l----l----l----l----l----l----l----l----l----l----1 
I 2& I 1 1381 3501 5631 7371 8901 981110211 9861 8"91 6621 "671 2551 651 I 
1----l----1----l----l----l----l----l----l----l----l----l--·-l----1--·-l----l----l 
I 27 I 1 1511 36"1 5791 7661 90911007110391 9861 9791 7081 "891 2631 "21 I 
l----t----I----I----I----I----1----I----I----L----l----l----1----l----l----l·---l 
L ::!8 1 I lHI 3861 6171 8191 9:531104111040110251 8161 70"1 H11 2771 721 I 
I----I----I----I----I----I----1----I----I----I----I----J----I-~--1----I----I----1 
I ::!9 I I 1571 3821 6021 7831 9101 9361 8671 93:!1 8.!101 &.HI 4601 2HI 601 I 
I-~--I----I----J----I----I----J----L----I----1-··-I----I·---I----I----I-·--I----I 
I 30 I I 1551 3781 5921 7731 91"110101JI)~::!1 9921 8091 6251 "511 2"91 711 I 
l----l----l----l----l··--l----1----I----L----1----I----1----I----I----l----l----l 
I 31 I I I I I I I I I I l I I 1 I I 
1---·l----t----l----l-~--1----l----l----l----l~---l----l----l----l----l----1----l 

: Cut-Off Electricit~ 

\~ 
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Date 

1/ 
2/ 
3/ 
4/ 
5/ 
6/ 
7/ 
8/ 
9/ 

10/ 
11/ 
12/ 
13/ 
14/ 
IS/ 
!6/ 
17/ 
18/ 
19/ 
20/ 
21/ 
22/ 
23/ 
24/ 
25/ 
26/ 

6/90 
6/90 
6/90 
6/90 
6/90 
6/90 

6/901 
6/90 
6/90 
6/90 
6/90 
6/90 
6/90 
6/90 

6/901 
6/90 
6/90 
6/90 
6/90 
6/90 
6i9o 
6/90 
6/90 
6/90 
6/90 
6/90 

27/ 6/90 
28/ 6/90 
29/ 6/90 
30/ 6/90 

131/ 6/90 
! 
' Mean I 

S.D.+ 
-

Distribution of Settled Daily Dust 
JUNE (1990) 

(grams/square meter/day) 

Locations 

Shuwaikh 
Industrial 

I . . 

Area 
IKuwaJ.t C1ty 

0.478 0.458 
0.826 0.756 
3.613 3.065 
5.245 4. 723 
3.394 3.658 

20'. 232 20.740 
25.527 34.131 
0.587 0.736 
0.816 0.677 
2.189 1.270 
0.627 0.577 

\ 
0.557 

I 
0.468 

4.498 2.8.J6 
1.065 I 0.806 

0 846 0 916 

1.334 I 1. 373 
1. 509 1.015 
0.876 I 0.587 
2.787 

I 
2.249 

2.528 1. 742 
6.747 5.792 

10.251 12.749 
31.349 47.829 

2.757 2.249 
0.796 0.617 
0.587 0.5!8 
0.806 0.717 
5. 304 4.429 
6.081 7.583 
0.916 0. 766 

----- -----
4.840 5. 531 

7.583 10.691 

I 

Al-Jahra 

0.687 
8.877 

18.650 
'ta·. 057 
60.150 

1.035 
3.115 
1. 334 
1 234 
1.015 
-----
-----
1. 483 
2. !85 
1. 980 
1. 821 
6.071 
-----
-----

98.499 
5.892 
1. 921 
0.969 
1.188 
-----
-----
-----
-----

11. 558 

24.444 

I 
I 

Daily 
Mean 

0.468 
0.756 
5.185 
9.539 
6.703 

33.707 
29.829 
0.662 
0.843 
2. 191 
0.846 
0 999 
0.680 
3.657 
0.936 
1. 397 
1. 570 
1. 148 
2.286 
3.447 
6.270 

11.500 
59.226 

3.633 
1.111 
0.691 
0.762 
4.867 
6.832 
0.841 
-----
6.779 

14. 648 

Total 
No. of 
Sample 

2 

3 
3 
3 
3 
3 
2 
2 
3 
3 
3 
3 
3" 

2 
2 
3 
3 
3 
3 
3 
2 
2 
3 
3 
3 
3 
3 
2 
2 
2 
-

80 

I 
I 
I 
I 
I 
I 
I 
I 

I 

I 

I 
I 

I 
! 
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Distribution of Sulphates and Nitrates in Monthly 
Dust fall out samples 

May (1990) 

Monthly Weight and Pe:rcentage 
Dust 

Location fall out Sulphate Nitrate 
( Tons/Km2) 

Wt. % Wt. 

l.Kuwait City 040.194 01.477 03.675 0.029 

2.Shamiah 021.739 00.973 04.476 I 0.009 

3.Sula.ibikhat 032.113 05.648 17.588 0.023 I 
4.Hutlaa I 254.971 31.283 12.269 0.115 I ' I ! 
S.Farwaniah 033.396 02.155 06.453 I 0.006 

6.Shuaibah 005.628 01.224 
! 

21.748 I 0.060 I 
7.Salmiah 

I 
126.385 15.300 12. 106 I 0.097 I I I 

S.Fahaheel 009.155 . 00.612 06.685 0.050 I 
9.Shuwaikh 175.593 25.200 14.351 I 0.040 

I lO.Khiran 059.262 I 11.250 I 18.983 I 0.097 

I Monthly Mean 075.844 09.512 11.833 I 0.053 

I S.D.+ 083.104 11.111 I 06.371 
I 

0.039 I . 
I ' I . l I 

• 
0.072 

0.041 

0.072 

0.045 

0.018 

1.066 

9.077 

0.546 

0.023 

0.164 

0.212 

0.338 
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() ( 1 - 7 ) r-iJ JJ~ 

Concentration of Suspended Particulate Matte~ in daily sa~ples 
June (1990) 

(micrograms/cubic meter) 

I 
Locations 

Date 
Shuwaikh Kuwait Shamiah Al-Jahra Daily Total 

City He an Samples 

1/ 6/90 ----- I ----- I ----- ----- ----- I -
2/ 6/90 ----- ----- ----- ----- ----- -
3/ 6/90 ----- ----- 616.9 1089.1 853.0 

·I 
2 

4/ 6/90 903.1 710.3 ----- ----- 806.7 2 

I 
5/ 6/90 ----- ----- 606.'9 753.3 680.1 2 
6/ 6/90 ----- 1355.2 ----- ----- 1355.2 I 1 
7/ 6/90 ----- ----- 2228.3 1780.6 2004.5 I 2 
8/ 6/90 328.0 235.2 ----- ----- 281.6 2 
9/ 6/90 ----- ----- 22.9 .1 456.1 342.6 2 

10/ 6/90 323.9 302.2 ----- ----- 313. l 2 
11/ 6/90 ----- ----- 235.4 297.6 266.5 2 

112/ 6/90 382.7 226.9 I -----
I 

----- 304.8 I 2 
13/ 6/90 214.0 318.3 266.2 ' ----- ----- I 2 
14/ 6/90

1 
447.4 387. 6' ----- ----- 417.5 2 

15/ 6/90 ----- ----- 304.9 374.6 339.8 I 2 
16/ 6/90 552.5 390.3 ----- ----- 471.4 2 
17/ 6/90 ----- ----- 288.0 365.3 326.7 2 
18/ 6/90 ----- ----- ----- ----- ----- -
19/ 6/90 ----- ----- 345.9 356.7 351.3 2 
20/ 6/90 492.0 349.7 ----- ----- 420.9 2 

121/ 6/90 ----- ----- 796.8 730.8 763.8 2 
22/ 6/90 1375.4 1266.9 ----- ----- 1321.2 2 

123/ 
6/90 ----- ----- 1443.5 1853.3 1648.4 2 

24/ 6/90 887.7 767.2 ----- ----- 827.5 2 
25/ 6/90 ----- ----- 261.4 360.5 310.9 2 

. 26/ 6/90 408.9 310.9 ----- ----- 359.9 2 
27/ 6/90 ----- ----- ----- ----- ----- -
28/ 6/90 ----- ----- ----- ----- ----- -
29/ 6/90 ----- ----- 1042.9 ----- 1042.9 1 
30/ 6/90 432.9 353.8 -----

I 
----- 393.4 2 

' 
He an 594.0 554.7 662.6 I 728.0 636. 3 48 

S.D.+ 327.8 391.7 600.7 560.9 478.6 
-
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(.,..- 7) ~.J J-'~ 

Size Distribution of Suspended Particulate Hatter 
June (1990) 

' Shuwaikh ( n=2) kuwait City (n=3) Shamiah (n=3) 

Particle Size Mean X in Cumul Mean ~ in Cumul He an X in Cumul 
Size Range Cone. Size Freq. Cone. Size Freq, Cone. Size Freq. 

I (micron) ug/m3 Range • ug/m3 Range • ug/m3 Range ' 
R 0.1-1.1 282.7 30.3 30.3 793.9 

50.SI 
50.6 273.6 31.82 31.81 

E ' ! s 

I 
p 1.1-2.0 57.8 6.21 36.5 75. 61 4. 81 55.4 43.0 o5.ool 36.81 
! I ! 

I 
R I i 
A 2.0-3.3 107.0 11.41 47.9 126.7 . 8 .. 1 63.5 97.4 Ill· "I 48. 21 
B 

I 
L I I i 
E 3.3-7.0 1162. 1 1 

17.4 
65.31 

158 .8. 10.1 73.61129.3 15.04.1 sJ. 21 

I 
J Non Re- I > 7.0 323.9 34.7 100.0 413. 7 26.4 100.0 316.5 36.811100.0 
! spirablei I 

T o t a 1 933.5 100.01 _ 11568.7 100.0 - 859.8 100.0 -I 
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( 1 ),U.; J.J-1.? 

MQN.,LY MEAN CONCENTRATION OF THE GASES EXPRESSED AS PP11 AND PPB 
RECORDED BY THE AIR POLUTION MONITORING STATIONS TOGETHER WITH TH~ 

MAXIMUM LEVEL AND THE PERCENTAQE DISTRIBUTION OF THE VALUES 
EXCEEDING THE THRESHOLD LEVEL DURING 

APRIL 1991 

!-------------------------------------------------------------
LOCATIONS 

!---------------------!--------------------
MANSORIA REQA 

! -----------------! ------------------
GASES MEAN ! . MAX ! i:EX •. ! MEAN ! MAX ! XEX. 

! LIMIT! ! LIMIT 
·-------------!-------!--------!------!-------!--------!------

TS IN PPB 3.1241 40.0001 1.8231 27.0001 
H2S IN PPB 0.0871 11.0001 0.1 O.OSOI 6.0001 0.1 
502 IN PPB 3.0161 38.0001 2.6 ,1.6031 22.0001 0.0 
THC IN PPM 6.3471 18,9$01 2.6261 8.9801 
NCH4 IN PPM 1. 7421 13.1401 76.4 0.7611 6. 1~01 62.0 
CH4 IN PPM 4. ~961 18.9501 1.84Sl 3.7601 
NOX IN PPB 20.2641 742.0001 ~8.84811011.000: 
NO IN PPB 8.0321 341.0001 ~- 1 39.09611006.0001 10.1 
N02 IN PPB 12.2261 496.000l 2.3 19.7311 167.0001 6.3 
CO IN PPM 0.6431 7.2901 0.0 0.4921 32.3701 0.0 
00 IN PPM 0.0031 0. 0151 0.0 0.0171 0.1611 2.9 

• NH3 IN PPM l l : 0. 011: 1. :560 l 1. 3 

!-------------!-------!--------!------!-------!--------!------! 

I I 2 ) ,.:;..~ J.)~ 

===~====•ca•~••=•=~=~=•~•=•=-•••2 

D•i11,1 av~tr•g• of measur•ment~ •t: 
Mansori\1• Ap• 1991 

·=·=·~·===-··--==~~~~=-·==·=··~ 

o., SD2 CH4 NCH4 NO N02 CD 03 
ppm ppm ppm ppm ppm ... ppm 

1 .0021 3.928 . 1147 . 0406 . 02,9 1. 479 . 0002 
2 . 0021 3. 223 . 1S61 . 0330 . 0325 1.541 . 0004 
3 . 0020 2. 856 . 1277 . 0120 . 0268 . 7198 . 0002 
4 . 0020 3.692 . 6543 . 0101 . 0197 . 9816 . 0034 
5 . 0020 2.637 . 2930 . 0096 .0086 . 6355 . 0017 
6 . 0020 3. 500 . 5097 . 0043 . 0102 . 6048 . 0016 
7 .0020 1. 918 . 4141 0.000 . 0025 . 322, . 0032 
a . 0020 2.291 . 1829 . 0054 . 0155 . ~953 . 0026 
9 . 0021 2.604 1. 123 . 0088 . 0109 . 5268 . 0046 

10 .0020 2. ,0 . 2177 . 0364 . 0185 1. 344 . 0032 
11 .0020 3. 793 . 9982 . 0037 .COBS . 4991 . 0034 
12 . 0019 s. 119 2.930 0.000 . 0016 . 2669 . aces 
13 . 0018 5.228 2.916 0.000 . 000, . 3212 . 0039 
14 .0020 ~.426 2.25~ 0.000 . 003~ .:3620 . 0039 
15 . 0020 4.640 1. 062 . 0237 . 0172 1. 030 . 0019 
16 . 0199 4.071 1. 337 .0042 . 0156 . 64,4 . 0010 
17 . 0082 5.016 2.924 . 0001 . 01:36 . 4661 . 0043 
19 . 0020 3.233 1.3~9 . 0034 . 009~ . 6012 . 0023 
19 . 0020 3. ,99 1. 668 . 0154 . 0144 . 9082 . 0041 
~0 . 0020 3.079 . 9405 . 0002 . 0126 . 5026 . 0035 
21 . 0020 4.009 1.653 . 000012: . 0067 . 4534 . 0045 
22 .0020 ,.068 2.0!94 .0000 .0047 . 3523 . 0012 
23 . 0020 11.26 1. 7:15 0.000 . 0021 .3,20 . 0000 
24 . 0024 6. 762 2.145 • 0018 . 0162 . ~536 . 0018 
25 .0042 3.269 1. 036 . 0013 . 0089 .3202 . 0004 
29 . 0019 4. ~B4 2. 892 . 0001 . 0093 . 4402 . 0053 
30 . 001B :5, 049 1. 077 . 0061 . 0162 . 6440 . 0034 

TOTA . 0030 4. ~96 1. 742 . 0090 . 0122 . 6430 . 0028 

43 



( "':"' 2 I ~J J.,.l.> 

====%x•========================== 
D•iliJ •vel'•ge of measul'ements .t: 

Req,a Apr 1991 
=x==========•=z=••=•====~====•z== 

o., 502 CH4 NCH4 NO N02 co 03 
ppm ppm ppm ppm ppm ppm ppm 

7 . 0012 . 4984 . 0065 
8 . 0013 1. 843 1. 087 . 6016 . 0055 
9 . 0011 1.833 . 9289 . 4732 . 0061 

10 . 0014 1. 889 . 6418 . 0178 . 0158 . 8068 . 0097 
11 . 0018 2. 040 1. 303 . 0044 . 0069 . 5283 . 0098 
12 . 0017 1.834 . 0993 . 3483 . 0114 
13 . 0014 1.867 . 0923 . 3763 . 0118 
14 . 0010 1. 864 . 1610 . 4117 . 0120 
15 . 0011 1. 969 1. 098 . 5096 . 0094 
16 . 0011 1. 877 1. 932 . 5058 . 0107' 
17 . 0015 1. 921 1. 314 . 0039 . 0142 . 5207 . 0178 
18 . 0013 1. 826 . 9252 . 0015 . 0130 . 4697 . 0173 
19 . 0018 1. 811 . Cjl210 . 0048 . 0161 . 5571 . 0175 
20 . 0011 1.831 . 6204 . 0048 . 0215 . 6478 . 0154 
21 . 0020 1. 792 . 1792 . 0000 . 0093 . 3217 . 0201 
22 . 0018 1. 760 . 5374 . 0025 . 0164 . 581Cjl . 0199 
23 . 0018 1. 762 . 2054 . 0003 . 0132 . 3686 . 0210 
24 . 0020 1.824 . 6971 . 0018 . 0174 . 5034 . 0203 
25 . 0027 2.012 1. 688 . 0255 . 0402 1. 4Cjl3". . 0062 
26 . 0021 1.780 . 8114 . 0027 . 0398 . 3454 . 0093 
27 . 0020 1.648 . 1872 . 0267 . 0218 . 3207 . 0188 
28 . 0020 1. 676 . 0622 . 0121 . 0128 . 2911 . 0195 
29 . 0020 . 2132 . 0173 .1933 . 059Cjl 
30 . 2279 . 0235 . 1510 . 1250 

TOTA . 0016 1. 845 . 7811 . 0391 . 011i'7 .4922 . 0172 

(1 3 )~JJ.J~ 

THE MEAN CONCENTRATION OF THE LEVEL OF SULFER COMPOUNDS 
EXPRESSED IN PPB RECORDED AT MANSORIA, RAGIA & REQA DURING 

APRIL 1991 ACCORDING TO 3-HOUR INTERVAL OF THE DAY 

! ----- ! ----------------------! --------------------! -----------------------
TOTAL. SULPHER HYDROGENE SULPHIDE SUL.PHER DIOXIDE 

!HOuRS!-----------------------!-----------------------!-----------------------
MAN RAB REG HAN RAB REG MAN RAB REG 

!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------
: 0-2 : 3. 1971+******1 1. 7771 0. 1Cjl41*******1 0.0641 2. 9991•••••••1 1. 575 
!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------
: 3-S I 2.8621*******1 1.8301 0.0331*******1 0.0821 2. 7961*******1 1.616 
!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------
I 6-8 l 2. 3671*******1 2. 172: 0. 0171*****·»*: 0. 152: 2. 3291*******1 1. 837 
!-----!-------!-------!-------!-------!-------!--·----!-------!-------!-------
: 9-111 3. 4021*******1 1. 8051 o. 1111*******1 0.0471 3.2551•******1 1.607 

!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------
112-14: 3.602:•••••••1 1. 746: . o.o94:••••**•1 o.ooe: 3.4741*******1 1. 578 
! ---- ! ------- ! -------! -------! ------ "! -------! -------! -------! ------- ! -------
115-171 3.2261•******1 1.1111 o.o921*******1 o.ooa: 3. 117:•••«•*•: 1. 477 
!-----!-------!-------!-------!-------!-------!-------!------!-------!-------
118-201 3.079:•••••••1 1. 7801 0,0681•••••*•1 0.0261 2.9991*******1 1. 578 

!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------
121-23: 3.0Cjl51•••••••1 1.8291 0.05~:······*: 0.0331 3.0291*******' 1.617 
!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------

'~ 
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THE MEAN CONCENTRATION OF THE LEVEL OF HYDROCARBONS 
EXPRESSED IN PPM RECORDED AT MANSORIA, RASIA & REOA DURING 

APRIL 1991 ACCORDING TO J-HOUR INTERVAL OF THE DAY 

!-----!-----------------------!-------------------~---!-----------------------· 
TOTAL HYDROCARBONS ! NON-METHANE ! METHANE • 

!HOURS!-----------------------!-------------------·---!-----------------------! 
! ! MAN ! RAB ! REQ ! HAN ! RAB ! REO ! MAN ! RAB ! REQ ! 

!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
l 0-2 ! 6.6201*******1 2.6871 1.819l*******' 0.786: 4.8011+++++++1 1.9011 
!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------' 
I 3-5 l 6. 113\*******1 2. 6781 1.3411*******1 0.8031 4.7711*******1 1.876i 
!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------1 
: 6-8 l 6.4411*******' 2. 7~31 1.5501••••~**' 0.9081 4.8911•••••••1 1.946: 
!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
: 9-111 6.3771*******' 2. ~041 1.9501*******' 0.700/ 4.4131•••••••: 1.9051 
!-----!-------!-------!-------!-----·-!-------!-------!-------!-------!-------! 
112-14/ 6.3041•******' 2.2601 2.0591•••••••1 0.4961 4.2051*******' 1. 7601 
! -----·! -------! -------! -------! -------! -------! ------!-------! -------'! -------! 
\15-171 6.3951*******1 2. 3561 1.8801*******' 0.5941 4.4951••···~•1 1. 7621 
!----- !-------!-------!-------!-------!-------!-------!-------!-------!-------! 
:19-201 5. 8931*******' 2. 9631 1. 6071***4-1**1 o. 9781 4. 28~1*******' 1. 885/ 
! ---- ! -------! ------- ! -------! ------- ! ------- ! ------ ! ------! -------! -·------ ! 
121-231 6.0621••*****' 2. 8531 1. 5901•••••••1 0.9621 4.4721•••••••1 1. 8911 
!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 

THE 11EAN 
EXPRESSED 

APRIL 

(-?- J ·),..JJ J.,.l.?-

CONCENTRATION OF TH£ LEVEL OF NlTROGENE CCHPS. 
IN PPB RECORDED AT MANSORIA, RAGIA & REQA DURING 

1991 ACCORDING TO 3-HOUR INTERVAL OF THE DAY 

!-----!-----------------------!-----------------------!-----------------------~ 
! TOTAL f..UTRDOENE OXIDES! NITRDOENE MONOXIDES NlTRDGENE DIOXIDE ! 

!HOU~S!-----------------------!-------------------·---!-----------------------! 
MAN RAB REQ MAN RAB REQ MAN ! RAB ! REQ 

! ----- ! -------! -------! -------! -------! -------! -------! -------! -------! -------! 
: o-2 : 21. 1a7:•******' 79.a091 11. 7231•••••••1 57.1591 9.7171•******' 22.3711 
!-----!------~!-------!-------!-------!-------!-------!-------!-------!-------! 
l 3-5 l 7. 7041*******1 59.2671 2. 5421*******1 46.8531 5; 144-14******1 12. 1:251 
!-----!-------!-------!-------!-------!-------!---·---!-------!-------!-------! 
I 6-8 I 7.5471*******1 43.1671 1.4501*******1 30.6071 6.0911*****'**1 13.4551 
! ----- ! -·------! -------! ------! -----! -------! --- ----! -------! -------!-------I 
I 9-111 14.9491*******1 25.4941 3.3661*******1 9.9701 11. 5721*******1 15. 549· 
! -----· ! -------! -------! -------! ------- ! ------ ! --- ·--! -------! ------- ! -------
112-141 11.2221*******1 20.2SSI 0.9661*******1 9.4761 10.2411*******1 10.770 
!-----!-------!-------!-------!-------!-------!---·---!-------!-------!-------
115-171 :21. 1501*******' 35.4851 5.2821•••••**1 :21.0961 15.7201•••••••1 14.360 
! ---- ~ -------! -------! ------- t -------! ------! --- ---- ! -------! ------- ! -------
118-201 33.2211*******1103.9001 12.9441•••••••1 67.0731 20.2611•••••••1 36.827 
!---~!-------!-------!-------!-------!-------!-------!-------!-------!-------
121-231 42.5651•••••••:109. 6051 22.7101*******1 77.1761 19.9431•••••••1 31.771 
! --·--! -------! -------! -------! -------! ------!------! -------! -------! ____ .:.,_ 
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THE f1EAN 
EXPRESSED 

APRIL 

CONCENTRATION OF THE LEVEL OF (CO, 03 AND NH3) 
IN PPM RECORDED AT MANSORIA, RABIA & REGA DURING 

1991 ACCORDING TO 3-HOUR INTERVAL OF THE DAY 

!-----!-----------------------!-------------------~---!-----------------------
CARBON MONOXIDE OZON AMON IA 

!HOuRS!-----------------------!-------------------·---!-----------------------
MAN RAB REQ MAN RAB REG MAN RAB REO 

~-----!-------!-------!-------!-------!-------!-------!-------!-------!-------
I 0-2 I 0.633/+++++++1 0.4371 0.0021+++++++1 0.0171 
!------!-------!-------!-------!-------!-------!-------!-------!-------!-------
! 3-~ I 0.308/+++++++1 0.2801 0.003/+++++++1 0,0201 
!-----·!-------!-------!-------!-------!-------!-------!-------!-------!-------
I 6-8 I 0.3271+++++++1 0.3371 0.0031+++++++1 0.0181 
!----~ !-------!-------!-------!-------!-------!-------!-------!-------!-------
: 9-111 0.6171•••••••1 0. 45~: 0.0021•••••••= 0.0161 l+++++++: 0.006 
!-----!-------!-~-----!-------!-------!-------!-------!-------!~------!-------
112-141 0. 5111+••••••1 0.3971 0.0031+••••••: 0.0161 
!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------
115-171 0.671l+++++++l 0. 4561 0.004l•••*•••l 0.0181 
!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------
118-201 0.9531+++++++1 0.9691 0.0021+*+++++1 0.0171 
!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------
121-231 1. 1611•••••••: 0.8031 0.0021+++++++1 0.0171 
!-----!-------!-------!-------!-----·-!-------!-------!-------!-------!------~ 

(·I 4 j ~J J.J~ ·' 

THE MEAN CONCENTRATION OF THE LEVEL OF SUWFER COMPOUNOS 
EXPRESSED IN PPB RECORDED AT MANSORIA, RABIA ~ REGA DURING 

APRIL 1991 ACCORDING TO THE WIND DIRECTION 

!-----!--------------------·--!-------------------~---!-----------------------! 
TOTAL SULPHER HYOROCENE SULPHIDE SULPHER DIOXIDE 

WD !-----------------------!-------------------~---!-----------------------! 
MAN RAB REG MAN RAB REG MAN RAB REG 

!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
N 2.0431*******1 1. 7S61 0.0061*******1 0.0231 2.0321+******1 1.623\ 

!-----!~------!-------!-------!-------!-------!-------!-------!-------!-------! 
NE I 2.9991++++***1 1.7291 0.0991*******1 0.0431 2.8781*******1 1.5581 

! ---- ! ------- ! -------! __; _____ ! -------! --- ---! --- ·--- ! ------- ! -------! _ _: _____ ! 
E : S.284l*******l 1.8291 0.2131*******1 O.OSOl S.0491++*****l 1. 499\ 

!----- !-------!-------!-------!-------!-------!-------!-------!-------!-------! 
SE I 6.8731*******1 1.6931 0.2361*******1 0.0671 6.611l+•*****l 1.442\ 

!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
S I 3.486~*******1•• 2.092\ 0.0851*******1 0.09~\ 3.3991+******1 1.7761 

!----- !-------!-------!-------!-------!-------!-------!-------!-------!-------! 
sw : 3. 0471•••••••1 1. 8961 0. 1041*******1 0. 0191 .2. 9301•••••••1 1. 5951 

!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
W 2. 24SI*******l , 2. OS61 0. 1091•++++++1 0.1301 2. 1161•******1 1. 677\ 

!----··!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
Nt.l: 1.9971++++**"*1 1.9911 0.0011*******1 0.1981 1.9SSI+++++•+I 1.608\ 

!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
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THE MEAN CONCENTRATION OF THE LEVEL OF HYDROCARBONS 
EXPRESSED IN PPM RECORDED AT MANSORIA, RABIA ~ REGA DURING 

APRIL 1991 ACCORDING TO THE WINO DIRECTION 

!-----!-----------------------!-----------------------!-----------------------! 
TOTAL HYDROCARBONS NON-METHANE METHANE 

WD !-----------------------!-----------------------!-----------------------! 
MAN RAB REG MAN RAB REG MAN RAB REG 

!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
N 4.5071+++****1 2.2751 1.0661+++++++1 0.45~1 3.441l+****•*l 1.8~0[ 

!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
NE I 3.5921+++++++1 2.1~SI 0.7361*******1 0.3811 2.8251•++++++\ 1.778\ 

!----- !-------!-------!-------!-------!-------!-----~-!-------!-------!-------! 
E 3.~111*******1 2. ~411 0.6081+******1 0.7301 2.8901+++++4+\ 1.807: 

!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
SE I 6.9771*******1 2.6671 2.2291+++++·Hl 0.868\ 4.748\++•++•+\ 1.800\ 

!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
s ~.4561+++++++1 3.0301 1.4981+++++++1 1.1,881 3.9571+••••--•1 1.842[ 

! -----·! -------! -------! ------- !------! ------! -------! -------! -------! -------! 
I Sl" I 5. 0771+++++++1 3. 0431 1. 2451*******1 1. t:i!OI 3. 831 \++***•*\ t. 924\ 
!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! w 6.5881+++++++1 3.6321 1.7021*******1 1.6431 4.8771*******1 1.990\ 
!-----·!-------!-------!-------!-------!-------!-------!-------!-------!-------· 

NW I 7.7811+++++.-+1 4.3381 2.2931+++++++1 2.2991 5.4721+++++••: 2.039: 
!-----!-------!-------!c------!-------!-------!-------!-------!-------!-------

(..> 4 J t""'.J J.J~ 

THE MEAN CONCENTRATION OF THE LEVEL OF NITROGEN£ COI1PS. 
EXPRESSED IN PPB RECORDED AT MANSORIA• RASIA & REGA DURING 

APRIL 1991 ACCORDING TO THE WIND DIRECTION 

-----!-----------------------!-------------------·---!-----------------------! 
! TOTAL NITROQENE OXIDES! NITROGEN~ MONOXIDES NITROGEN£ DIOXIDE 

wo !-----------------------!-----------------------!-----------------------! 
MAN RAB REG MAN RAB REQ MAN RAB REO 

-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
N : 14. 1091*******1 66.5241 ~.S74\+++++++I 46.5721 8, 7111+++++++1 20.0731 

-----!-------!-------!-------!-------!---.. ---!---~---!-------!-------!-------! 
NE I 20.2941*******1 29.2691 4.43Sl+++++++l 12.7451 13.6941+******1 16.5291 

-----·!-------!-------!-----~-!-------!-------!-------!-------!-------!-------! 
E l 27.6761+++++++1 37.8191 8.6461*******1 25.9251 18.9591*******1 11.8221 

-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
SE I 25.5721*******1 28.02,1 4.6601*******1 11.0381 20.9081+++++++\ 16.9871 

-----·!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
5 I 46.7381*******1 38.202\ 21.0721*******' 10.S28l 2S.6711*******1 27.4441 

------!-------!-------!-------!-------!--~----!-------!-------!-------!-------! 
sw : 46.2401*******1 41.3401 28. 1551*******: 11.084\ 18.0601•••••••: 30.2521 

-----·!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
w : 20. 815\+++++++1 90.5601 11. 0051++•••••: 58.519\ 9. 7501•••••••1 ·31. 681 I 

-----·!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
NW I 6.3951+******1223. 0841 1.0761+++~+++1200.6611 5,310\+++++•+1 20.2891 

-----!~~-----!-------!-------!-------!-------!-------!-------!-------!-------' 
(.l 4 ).U.JJ.Jol.?' 

THE MEAN CONCENTRATION OF TH~ LEVEL OF <CO, 03.AND NH3l 
EXPRESSED IN PPM RECORDED AT MANSORIA• RASIA & REQA DURING 

APRIL 1991 ACCORDING TO THE WIND DIRECTION 

----!-----------------------!-----------------------!-----------------------! 
CARSON MONOXIDE OZON AMmJIA 

WD !-----------------------!-----------------------!-----------------------! 
MAN RAB REG MAN RAB REG MAN RAB REG 

----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
N 

----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
NE I 0.6621+++****1 0.3721 0.0031+******1 0.01UI 

----!-------!---"""---!------"':'!-------!-------!-------!-----!-------!-------! 
E 0. 7821**·*****1 0. 5101 o. 0021*******1 0. 0201 
----·!-------!-------!-------!-------!-------!---~---!-------!-------!-------! 

SE l 0.6701+++++++1 0. 5871 0.0021+******1 0.015\ 
---~!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
s 1.0041+++****1 0.7~21 0.0011*******' 0.0121 1+++++++1 0.0241 

---- ~-------! ------! -------! ----- !.------! -------! -------! -------! -------! 
sw I 1.0811+++++++1 0. 672: 0.0011+++++++1 0.0121 

----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
0.6661•******' 1.2801 0.0031+++++++1 0.010: 

----!-------!-------!-------!-----·-!-------!-------!-------!-------!-------! 
NW l 0.3951+++****1 0.350\ 0.0041+++++++1 0.033\ l••••• .. l 0.0101 

·----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
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THE MEAN CONCENTRATION OF TH~ LEVE~ OF SULFER COMPOUNDS 
EXPRESSED IN PPB RECORDED AT MANSORIA, RABIA & REGA DURING 

APRIL 1991 ACCORDING TO THE WINO SPEED IN m/~ 

-----!-----------------------!-----------------------!-----------------------! 
TOTAL SULPHER HYOROGENE SULPHIDE ! SULPHER DIOXIDE 

WS !-----------------------!-----------------------!-----------------------! 
MAN AAB ! REG MAN RAB REO MAN RAB REG 

-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
1m/~ I 2.9431*******1 2.2381 0.0801+•*****1 0.1471 2.8491++*****1 1.8241 
-----! -------! -------! -------! -----· --! -------!- ------! -------! -------! -------! 

1-2 : 2. 7301+******1 1. 7451 0.0991*******1 0.0721 2.6191•••••••1 1.468: 
·-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
. 2-3 : 3.0381•••••••: 1. 71~1 0.0821•••••*•: 0.0471 2.9411••···~-~ 1.4701 
!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
:3-41 3.9961•••••••: 1.7921 0.0981•••••·:.•: 0.03~1 3.8581•••••••: 1.567: 
!-----!-------!-------!-------!-------!-------!-------!------~!-------!-------! 
I 4-5 I 3.7141++4++++1 1.8621 0.0941****'***1 0.0!501 3.!58:21*****•*1 1.66,61 
!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
l 5-6 l 2. 4921•++4+++1 1. 8831 0. 021 l+++++·HJ 0. 0201 2, 4461+44++ ... +1 1. 7631 
!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
1 6-7: 2.ooo1•••••••1 1.8291 o.ooo:•••••+•: o.o1s: 1.9771•••••••: 1.7531 
!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
l 7-8 I 2. 0001+++++++1 1. 8731 0. 0001+•..,.••••: 0. 0261 1. 9621+++++-'4-+1 1. 8281 
!-----!-------!-------!--~----!-----·-!-------!-------!-------!-------!-------! 
1 8-9 : 2.ooo:•••••••l 1.8~7: o.ooo1••~••••: o.ooo: 2.ooo:•••••••: 1.839: 
!-----!-------!-------!-------!-------!-------!-·-----!-------!-------!-------! 
: 9-101 2.ooo:•••••••l 2.0001 o.ooo:•••••••: o.ooo: 2.ooo1•••••••1 2.ooo1 
!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
I 10+ 
!-----·!-------!-------!-------!-------!-------!-------!-------!-------!-------! 

,._ 5 ) ~j J.J~ 

THE MEAN CONCENTRATION OF THE LEYEL OF HYDROCARBONS 
EXPRESSED IN PPM RECORDED AT HANSORIA, RASIA ~ REGA DURING 

APRIL 1991 ACCORDING TO THE WINO SPEED IN m/s 

-----!-----------------------!-----------------------!-----------------------! 
TOTAL HYDROCARBONS NON-METHANE MEIHANE 

ws !-----------------------!-----------------------!-----------------------! 
~AN RAB REQ MAN RAD REG MAN RAB REO 

-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
1m/~ 1 4.6301*******1 3. ~391 0.80~1•••••••1 1.6111 3.8101•••••••1 1.9281 
-----!-------!-------!-------!-----·-!-------!-------!-------!-------!-------! 

1-2 I ~.113l*******l 3.1331 1.1361*****•*1 1.2241 3.9711•••••-.•1 1.9091 
-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
2-3 I 6.4021•••••••1 2.6681 1.6141•••••••1 0. 7891 4.7871*******1 1.8801 

-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
3-4 I 7.2911*******1 2.47~: 2.1~6:•••••••1 0.6451 :5.1111•******1 1.8311 

-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
4-5 I 7.8381•••••••: 2.3771 2. 7581••~•***1 0. 5681 5,0641••···~·: 1.8051 
--~--!-------!-------!-------!-------!-------!-------!-------!-------!-------! 

5-6 : 7.6471*******1 2.0941 2.8871•••••••1 0.3441 4. 7601*******1 1. 7491 
-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
6-7 : 6. 06~:·······: 1. 9291 1. 7951•••••••1 0. 2161 4. 271 :•••••••: 1. 7131 

-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
7-8 : 4.7171•••••••: 1.8391 1. 1201•••••••1 0.1291 3. !5941•••••••1 1.7081 

-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
a-9 1 o.ooo:•••••••l 1. 79a: o.ooo:••*****l o.0871 o.ooo:••••• .. •l 1.111: 

-----!-------!-------!-------!-------!--·----!-------!-------!-------!-------! 
9-1o: o.oool•••••••l 1. 796: o.ooo:•••••••: o.o831 o.ooo:••••• .. •: 1. 715: 

-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
10+ : o.oool•••••••l 1. 79o: o.oool•••••••: o.o,2: o.oco1•••••••1 1. 735: 

-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 

··J .. 
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THE 11EAN CONCENTRATION OF THIS LEVEL OF NITROGENE COMPS. 
EXPRESSED IN PPB RECORDED AT MANSORIA, RABIA & REGA DURING 

APRIL 1991 ACCORDING TO THE WIND SPEED IN m/s 

-----!-----------------------!-------------------~---!-----------------------! 
! TOTAL NITROGENE OXIDES! NITRCGENE MONOXIDES NITROGENE DIOXIDE 

ws !-----------------------!----------·------------!-----------------------! 
MAN RAB REG MAN RAB REG MAN RAB REG 

-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
1m/s I 65. 4601*******1162. 7771 40. 7181****·~••: 124.0871 24. 8321*******1 38.7121 
-----!-------!-------!-------!-----· -!-------!-------!-------!-------!-------! 
1-2 1 23. 8121•••••••: 90. 1771 9. 0861•••••••= 60.4961 14. 6591•••••••: 29 .. 581: 
----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
2-3 : 10.3141•••••••: 61.9591 1.3661+••••••1 39.8291 8.9551•••••••: 21.9701 

-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
3-4 : 8. 2301•••••••= 51.8841 0. 5531+••••••1 36.0301 7. 6291••*••••: 16. 1601 

-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
4-5 I 7.8611*******' 35.7061 0.4171•••••••: 20.2801 7.4121•••••••1 15.3261 

-----!-------!-------!-------!-------!-------!--·----!-------!-------!-------! 
5-6 I 10.0781*******' 28.4511 0.6721•******1 14.9521 9.4141n••·H+l 13.5091 

----- !-------!-------!-------!-------!-------!-------!-------!-------!-------! 
6-7 : '12. 833:•••••+•: 34. ooa: 1. 2531•••••••: 20.5021 11. 6481••••••H•l 13. 5601 

-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
7-8 : 12. 038:•••••••1 28.7671 1. 1541•••••••1 15.7361 10. 8091+••••••1 12.851: 

-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
8-9 : 15.429:•••••••1 22.7601 1.7141•••••••: 12.1201 13.7141•••••••: 10.6801 

-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
9-1o1 23.ooo1•••*•••: 18.8241 2.oco1•••••••: s. 765: 21.ooo:•••••••: 1~.ooo: 

-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
10+ : 11.0001•••••••1 10.7501 1.0001•••••••1 3.0001 9.0001•••••••1 7. 7501 

-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 

( .,15 l ~.) j_,.»o 

THE f1EAN 
EXPRESSED 

APRIL 

CONCENTRATION OF TH€ LEVEL OF <CO, 03 AND NH3) 
IN PPM RECORDED AT MANSORIA, RA3IA & REQA DURING 

1991 ACCORDINQ TO THE 1./lND SPEED II..! m/s 

!-----!-----------------------!-----------------------!-----------------------
CARBON MONOXIDE OZON AMON IA 

ws !-----------------------1-----------------------!-----------------------
MAN RAB REG HAN RAB REG MAN RAB REO 

!-----!-------!-------!-------!-------!-------•-------!-------!-------!-------
11m/'l: 1.5851•••••••1 1.4421 0.0021•••••••1 0.0171 
!-----!-------!-------!-------!-------~-------!-------!-------!-------!-------
I 1-2 I 0.7061*******1 0.7481 0. 0021•******1 0.0131 
!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------
I 2-3 l 0.4281•••••••1 0.4561 0. 0031•••••••: 0.0161 
!-----!-------!-------!-------!-------!-------•-------!-------!-------!-------
!-----!-------!-------!-'------!------!-------!-------!:..------!-------!-------· 
I 4-5 I 0.3871*******1 0.3171 0.0041*******1 0.0181 1•••••••1 0.0051 
!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
: ~-6 : 0.3901•••••••: 0.3011 0.0031•••••••: 0.0191 
!-----!-------!-------!-------!-------!--·----!-------!-------!-------!-------! 
I 6-7 : 0.4031•••••••1 0.2851 0.0031•••**••1 0.0191 :•••••••l 0.0021 
!-----!-------!-------!-------!-------!-------!-------!-------!-------!-------! 
: 7-8 : 0. 4041•••••••1 0.2811 0.0021•••••••: 0.0181 
! ----- ! -------! ------! -------! -----· ·- ! -- .. --- ! ------- ! ------- ! -------! -------! 
: 8-9 1 0.3~7:•••••••: 0.279: o.oo1:••••~••: o.o18: 
!-----!-------!-------!-------!-------!--- ---!-------!-------!-------!-------! 
: 9-101 0.4801•••••••1 0.2841 0.0011• .. ·~··: 0.0191 :•••••••: 0.0001 
!-----!-------!-------!-------!------!-------!-------!-------!-------!-------! 
: 10+ : o. 1401•••••••1 o.26o1 o.ooo:•••••••: 0.022: 
!-----·!-------!-------!-------!-------!--·----!-------!-------!-------!-------~ 

-------·-----------
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Suspended 
Using 

Particulate Matter Measurements 
High Volume Sampler During 
MARCH & APRIL 1991 
-------------

FARWANIA HOSPITAL 

~------;-1 ---,-----,-------------------------·-------------·---···-··-: 

Date 
Total Filter 
Cone. Shade 
uglni3 

Concentration of Elements uglm3 

I 
Na Ca ! Fa I Ni I Pb r--v----r--;:~-----:. 

• ! ~ I I 1 

if-' 1_6_1_3_1_9_1-t-
1 

-16-8-.-3+-G--r-a-y-+-1-2-.-0-7-3-tl-2-8-. -1-2 -11!-4-; 7 3 7~~0 55 r-: 18 9-r-~-~~;-!==-=--: 

I 
r---J---J----+1---1- ' r-- i -----j 

~ 3191/ 99.5 Black! 2.350,11.750! 1.4271_ 0.0391 0.197J~~j--==_::__j 

I I ! 75 I ---- ---- I I i I i 

I 

251 3 911 .1 Gray ---- 1 ---- 1 ---- 1 ---- 1 i 
----+---t----1----_, ___ +-----·L______j : ~ 

1
301 3191 1

1 93.5J Blacki 2.538 11.766 2.193! 0.039\ 0.3951 0.007 i 
I I I J 

2 1 4 1 91_! 3 8 z __ ._4-t\-B_l_ac ~ 2 . 14 9: 2 6 . 7 6 6 \ 2 • 16 8 !-o_. _o 5_1\ __ o_._1 ~ 11 ~~~7 3-;-=-~==--~ 
11 4191! 140.3! Gray j 2.6001 6.0301 3.660i 0.0461 0.145! 0.021: ---- , _ __) 

I'" •m! "'·'I ''";j;.ml "·"'I '·"'I o.o~-o.372l·--o.o3o! ---- : 

\181 4191,174.oi Black! 2.760i 27.601 4.190i 0.038~ 0.298J 0.022~-_-:_-=-=-" 
!----ll:----+1 ---+---+---+----+-----'r-----i .. ---·---·-'---·-----... 
!1-2_3_1_4_1_9_1-f!_1_4_2_._s+I_G_r_a_y-+l-2_._o_o_2+-2-1_. 7_2_2--l\_4_._5_7_4-+!_o_._o_z_4+[_o_._1_5_6\ 1-_o_. o_1_2 ~-------" 
; 261 
! 41911195.2! Black! 1.3521 5.9811 4.3591 0.026i 0.1441 0.024! 

·--------
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Suspended 
Using 

Particulate Matter Measurements 
High Volume Sampler During 
MARCH & APRIL 1991 
---··----------

MUBARAK HOSPITAL 

51 

I I 

.------,-----,-----,--------------·-·-·-----------·-----·-· 
iTotal Filter 

Date I Cone.· Shade 

1

ug/m3 I 

Concentration of Elements ug/m3 

Na Ca I 
Fa J 

,----, ---
I Ni 
! 

Pb I v ! Al 
I ' --j ------I I 18/ Black 0.036 o.02oi ---- i 3/911117. 7! I 

I 
f----+----+---~1-2_. 204111. 023 

1. 384 i 
I 

1. 840\ 

0. 3171 
f__j 

0. 4561 26/ 3/91\ 124.9 Black 0. 0291 
I 

0. 010i 
I 

131/ 
i i Black I 

3/91,154.21 I 

I ! 
f----+---+----f---+· ----t----:----.t·---·-ijf---+, ---

2.832 6.572 3.5661 0.0221 0.441! 0.028! ----

2.442,15.8521 

I 
I 

I 3/ 4/91!263.91 Black I I 
' 

I 8/ 4/91,735.3/sandwish[ 
i I ! 

i 13/ 4/91!176.11 Black 
I I 

1 i -il---j--
2.080 14.481 7.1921 0.069[ 0.2091 0.0411 ----

' I I . i 

f-----+-----i-----+-2-._o_8_4-l-1-8_. _o _3 2_if-s_o_._o_8_s+l_o _· 1_2_3-tJ_o_._3_4_6 +[-__ o __ ._o __ 4 __ 2 _!_ __ ~~~-~ 
2.421/14.7211 3.696! 0.032j 0.188j 

I
, I : , , , ;-----+---+-----1----t·----1·'----+J ----t--------·1··-···-----.. --.----

i 16/ 4/91 212.6/ Black 1.840j23.001i 6.109! o.ossi 0.1991 o.o3si ----

1
; i l 1 : --c--+----+----+---+----l-----i;----,---;--··-----
120/ 4/91 132.3[ Black 2.088,26.109\ 2.1991 0.034j 0.2261 0.019; ----

0. 027; 
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Suspended Particulate Matter Measurements 
Using High Volume Sampler During 

MARCH & APRIL 1991 

AD DAN HOSPITAL 

r----·-,----.----.,-·--·------------------·------, 

Date 
Total 
Cone. 
ug/m3 

Filter 
Shade 

Concentration of Elements ug/m3 

~----.----~-------r----r-----.-------~-----~' 
Na Ca Fa I Ni I Pb I V i Al i 

~---~----+-----+---~----+----~· ---4·----~---~------4 
~1-9_1 __ 3_1_9_1_~_1_2_8_._4+--G_r_a_Y __ -+ __ 2_._1_92~·-2_9 __ .7_3_2~_2_._6_9_7+-_o_._o_5_9+-l_o_._2_57_J~! _o_._o_2_3~~-----_-_-__ : 

2.3;ol17.743 5.134 o.o521 0.3131 o.0341 ---- ) 
~------4------+--------+---~~-----~------+------+------~----~----~ 

182.0 J Black j ---- ---- ---- I ---- I ---- I ---- ! ---- ! 

24/ 3/91 242.0 Black 

27/ 3/91 

1/ 4/91 327.7 Black 2.912 36.400 2.0041 0.0561 0.2791! 0.0401 ---- i 
. I : I 6/ 4/91 142.8 Gray 2.387 11.936[ 5.0261 0.0391 0.1431 0.0151 ---- i 

11-9-/ __ 4_/_9_1+1-1_5_9-.-7+

1

-s_a_n_d_w_i-sh-+, -2--. 5-9-4-~~4-2-.-1-2-1+2-2-.-1-2-3+i --0-.-1-4-5+-j--o -. -1-15-[1-o-.-0-7· t----.-"~~.i 
L-------+------+-------~----~-------~------r------~· -----·-----1-~~~ 
114/ 4/91,196.31 Black 2.698131.3001 2.636, 0.0551 0.2101 0.028! ----

1 

!·--------1------+--------+------+------+-----'------+------!-------~. __ .. ~ 
[17/ 4/911 353.51 Black 2.617) 42.503110.522! o.o73! 0.175 

'l-------~1-------~1--------+------~t------~1------+1 ------·; 
1221 4/911 276.4[ Black 2.873133.324\ 6.8ool o.o73!0.288 

i 25/ 4/911 189.5 Black 2.3661 5.9171 3.5461 0.0521 0.256 
i 

0.064! ----

·---·-----~ 
I 

0.035t ---- : 

0.038i 
-
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0 Microbiological Examination of Coastal Water 

APRIL I 1991 

Location SamplingiAir Water,No.of Indicator Bacteria/100 ml 
I 

I 
I 

Date I Temp Temp. .. - --.. ! 
I 1 I Total !Faecal Streptococcus\ 
I c c Coliform!Coliform Faecal Bacterial 
' 
Al-Salam Beach 29/ 4/911 32 22 2360 ' 290 660 I 

I I 
1 I I Benaid Al-Gar 29/ 4/91 1 32 22 

I 
1540 

I 14 10 I I I ' I 
' I 

I 
.... .., 

Al-Messila 29/ 4/91 34 22 580 171 180 i 
I I 

I ' .. ' 
Al-Beda'a 1 29/ 4/911 22 

I 
290 

i 
34 1100 I 140 \ 

I I 

(J 

(J 
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APPENDIX E 

OIL WELLS BURNING IN KUWAIT 

AS OF 10 JUNE 1991 
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\\\\i\\\\\\ OIL FIELDS 

r.:;-r ber of 01 .I fields still ~ The num 1991 
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APPENDIX F 

COMPUTER SYSTEM AT EPD 





G u 

Lq ;l550 

EPSON EX Hllillil 
GRAPHIC PRINTERJ 

KD 102 f'S/7-
2 LEASED TEL.LINES 

MODEM 
BILINGUAL ~ r-- IB11~ - 4,800 
TERMINAL ses s11 JC." BAUD 

0 . 
DISK DRIVE I r 11. LA .J.1r l~tl 

RAB0 DEC WRITER 

'DIS~ ~NE I--
~Ax~ _ I--

VAX-111730 
r-- r--

MAGTAPE PRINTRONIX 
DRIVE r:-- '-- 300 

DIGITAL TUB0 LINE PRINTER 

I 
KD 102 VT 102 I Y:r Ho2 VT 102 QUME QUME HP-85 
BILINGUAL ENGLISH ENGLISH ENGLISH ENGLISH ENGLISH PERSONAL 
TERMINAL TERMINAL TERMINAL TERMINAL TERMINAL TEHMINAL COMPUTER 

Hardware Configuaration Of Computer System At EPD Location 

0 

-
MODEM MINISTRY 
4,600 r-- OF PLANNING 
BAUD tlCMG IBM 

~ 
0 0 

_I 
S-MEC 
CASSETTE 
READING UNIT 

- "' t-' 
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APPENDIX G 

A) "FINGERPRINT" OF CRUDE OIL ANALYSES 

B) HEIGHT OF GROUND BASED INVERSION AS MEASURED 

BY A MONOSTATIC SODAR 
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' .:;~.~.~~ 
I- l{.w>..C t- . 

D·. , . .;< i\t.>N~ -4(·-

TP1bl~ (11.2) 

The ..enn and s.rl. co[ tht' height of the ground hn~ed thcnaal tnveralnn 

detected by thP. scu'llc rRdP~r f.n Kuw<'llt In the pt!rlod covered hy 

the study in tlu! v>Jdous hnur!l o( tht• day accnrl.iln& to the ~~;eA~~;on. 

Hel8ht ln t!HI!'C'& 

Hour o£ ----------------------------------------------------------
the day Auttii'IUl Winter Spring Sul!llll(!r 

0 uo.o 42.'. 54 11+7.\ 40.9 )4 \46.7 )1'.,\ 42 201.1 35.9 37 

tt.2,R ,,,,?. '5'1 Jt.9,Q 42.7 3; Lll\,9 J~.o 42 204.1 313.9 31 

2_ 143,1 t.2.9 57 t~t,,\ 42.5 J.~ 138.1 39.2 41 21 1L5 40.4 37 

.14i,,J t,z,r, 'i7 LSS.J 3~.5 l'• J4t.n Jt..2 4n 228.() 4q,g 37 

4 1~9.1 19,0 "13 lSb,ll 1!1.7 JJ 1-'12.5 17.9 llll 235.0 50.2 35 

5 IS2.1 )Q,\ 57 \Si,.li 1,\,9 J'l 146,\ lo\,1 36 230,4 41,,0 2S 

6 I·~R.1 lH.~ Jli 157.R 37.11 JU IU.7 40.fl 37 232.~1 17.Q 

JI,F,,J '17 •. 1 41 155.2 41.8 33 ISO.R 3'•·S 26 

8 

' 
10 

11o.n l!J,l r, 168.1':1 '•1.4 

II -

12 

13 

14 

15 190.0 'l 166.7 ]rJ.6 

1'iR.n JrJ,'i 10 

1.00.0 200.0 28.3 2 

16 144,0 15.}} 11.1 153.3 12.1 6 tna.o 43.2 ~ 197.8 18.6 9 

17 

18 

131i.~ 2).9 23 142.2 21.1 

133.5 25,q 34 133.8 27.1 

q 169.1 31\.1 11 186.7 27.lt 18 

If> IS7.0 36.9 20 1R2.5 20.7 2ft 

19 138.0 29.3 40 140.0 Jl.lt I~ \SJ.3 34,6 3Cl 175.2 30.0 33 

20 139.0 29.2 '•6 llt5.2 35.1 23 152.2 3b.2 36 174.3 )it,') 35 

21 139.6 30,1, 55 145.0 '33 • .13 2~ 152,6 3Q.7 35 18lt.O Jlt.6 35 

22 139.3 31.8 57 141,,0 37.3 30 154,7 ]4,1 38 185.0 25.5 36 

23 litO,] 34.1 59 146.8 31l.6 32 153.5 38.8 40 180.5 33.fl 37 

J 

-· ---·---- -----------------
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APPENDIX H 

A) LOCATION OF NOAA METEOROLOGICAL STATIONS 

B) LOCATION OF PM10 SAMPLERS (FROM US EPA) 

C) EXAMPLE PLOT OF TEMPERATURE 

~-------·----- -------~ --------····--·· 
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A) Location of NOAA meterological stations 
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APPENDIX I 

PROTOCOL OF VISIT IN KUWAIT 7-12 JUNE 1991 

i) 



() 



0 
_l . NORWEGIAN INSTITUTE FOR AIR RESEARCH (NILU) 

Our ref.: BS/SBH/0-91042/26 June 1991 NILU 

PROTOCOL OF VISIT IN I<1.M<UT 7-12 JUNE 1991 

The following conclusions have been drawn from discussions with represen
tatives from the Environment Protection Department (EPD) and site. visits 
in Kuwait 7-12 June 1991: 

I. Two fixed air quality monitoring stations will be delivered from NILU, 
Norway to Kuwait. Instruments will be placed in isolated and air con
ditioned containers, size: 4.1 m x 2,0 m, height 2,3 m, weight in
cluded instruments approximately 2.200 kg. 

2. Locations of the two stations will be: 

a) Jahra, 30 km west of EPD centre in Kuwait city. 
b) Mina Al Zoor, at the north western corner of the power plant site, 

80 km SSE of the EPD centre. 

At both locations the containers will be placed at the roof of low, 
flat buildings. Standard 3 phase power and telephone lines will be 
made available at both sites. Power requirements: 20 kW. 

3. First priority air pollutants and parameters 

The Norwegian contribution of I mill. USD has by UNEP been divided 
into administration, WMO and WHO contributions. The amount left for AQ 
stations from NILU is at present 350.000 USD. We therefore have 
divided the AQ instrument package into first and second priority. Only 
first priority can be delivered within the 350.000 USD. 

First priority monitors are: 

S02 (by Monitor Lab.), PM10 (by TEOM), NO/NOx (by Monitor Lab), 
meteorology (wind speed and direction, temperatures, radiation) by 
Aanderaa Instruments. The stations will be automatic on telephone 
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line. Local calibration and maintenance will be undertaken once a 
week. :") 

4. Second priority A.O. parameters 

If funds are available, the following parameters can be added to the 
NILU stations: 

I. Dust fa 11 (NI LU i nternat i ana 1 standard co 11 ectors) 
2. Ozone (by Monitor Lab, UV absorption) 
3. H2S (by Monitor Lab) 
4. CO (by Monitor Lab, infrared absorption) 
5. THC (not decided, SIMRAD Optronics? ..... ) 
6. PAH (NILU PUF sampler) 
7. SootjS02 (NILU sequential 24 h sampler) 

5. Data transmission 

All data from the NILU AQ station (first priority) will be transmitted 
via good quality public telephone lines for data transmission, up to 
2400 baud (see flow chart). Three switched lines and five dedicated 
lines have to be prepared by Kuwait. These includes also data trans
mission from the EPD Horiba AQ-stations, where NILU provides 3 
logger/transmission systems included 6 modems. 

6. Warning centre at EPD 

To obtain printouts of concentrations and meteorological variables 
from all 5 AQ stations (2 NILU + 3 EPD) NILU will provide a data 
logger and a printer. To transfer data to the VAX main frame computer, 
Norway will also provide a PC with floppy disc. (The format available 
every 5 min is indicated on page 7). 

7. Modelling for warning purpose 

No money· is at present available for modelling. However, it will be 
. possible to establish the NILU modelling system, provided that a HP 

Apollo work station with at least 8MB RAM and preferably 300 MB disc 
capacity will be available. Wind field data from the NOAA meteoro- ~ 
logical network can be transferred to the HP computer as input to the 
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dispersion/statistical model. Further details on displays and possible 
applications have to be discussed later. 

8. Optional information and warning centre 

Based upon the NILU experience from planning and performance of tracer 
experiments and from information system for air quality in Oslo, NILU 
can provide training of local personnel for air quality information 
and warning in Kuwait. 

9. Future Possibilities 

During the discussions, several aspects were indicated as possible 
future co-operations: 

a) NILU is responsible for intercalibration and intercomparisons of 
chemical analyses in EMEP (European Monitoring and Evaluation Pro
gramme). Possibilities for participatation by the EPD will be dis
cussed by NILU experts. 

b) Remote sensing of various air pollutants is being performed and 
further developed in Scandinavia. Some of these instruments can be 
included in the present network if funds are made available: 

- DOAS (differential optical absorption spectroscopy) is at present 
used by N!LU in Oslo. 
New HC instruments based upon IR spectroscopy are available in 
Norway for high concentration ranges. 

- Development of new diode laser based absorption spectroscopy is 
being developed by NILU/NEO. These instruments for HC and other 
gases can be used in future programmes. 

c) NILUs experience with doppler sodars for measurements of wind and 
turbulence profiles from the surface to 1000 m can be transferred 
to Kuwait if requested. 
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10. NILU samolers 

NILU will provide 5 dustfall buckets (international standard), and 
one stand within the first priority delivery to the EPD laboratory in 
Kuwait. 

NILU will also estimate costs and prepare PAH samplers (NILU PUF) for 
installation in the two NILU stations. Three additional PUF samplers 
will be delivered as a kit for building into existing stations. 

II. Draft cost estimate 

The first priority monitoring equipment, installation and operation 
is estimated to 402.900 USD, consisting of the folowing items: 

One NILU monitoring station 
Container USD 12.0 
so2 " 15.4 
TEOM " 25.4 
NOX " 16.0 
Wind " 9.2 
Data logging* " 14. I 
2 set span gas " 9. I 

USD 101.2 

Two NILU stations USD 202.4 

EPD warning centre 
2 modems USD I. 8 
Ram memory logger " 12.3 
Modem out 0.9 
Printer 3. I 
PC +disc " 3.7 

USD 21.8 
Horiba stations 

Site logger J 5.5x3 USD 16.6 
and modem 

Central modem 2.8 
USD 19.4 

Ogerations 
Transport USD 18.5 
Site inspections " 21.2 
Preparation " 15.4 
Start up 47.2 
Inspections " 31.0 
Follow up (telephone), 
man power USD 26.0 

USD 159.3 
USD 402.9 

CJ 

~ 
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Not included: 
- Sparepart kit and extras 
-Electric power and telephone lines 
-Transport, handling, lifting in Kuwait 
- Local inspections 

Tickets, accomodation in Kuwait and local transportation can be made 
available from Kuwait. A total cost for these services was estimated to 
-35.000 uso. 

In reference to chapter 7, modelling for warning purpose1these tasks have 
been estimated to: 

Modelling/interface/work station - 100.000 USD 
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0 
Format available on printout every five minute at EPD warning centre in 

Kuwait. 

PRINTER FORMAT CENTRAL 

ST DATE INST TS H2S 502 THC etc 

01 910608 1005 0001 0000 0002 0600 
02 910608 1005 0000 0010 0001 0590 
03 910608 1005 0003 0005 0003 0430 ALTERNATIVE 1 
04 910608 1005 0003 
05 910608 1005 0006 

ST DATE INST TS H2S 502 THC etc 

CJ ST DATE INST TS H25 502 THC etc 

1 910608 1005 1 0 2 600 

2 910608 1005 0 10 I 590 
3 910608 1005 3 5 3 430 ALTERNATIVE 2 

4 910608 1005 3 
5 910608 1005 6 

5T DATE IN5T TS H25 502 THC etc 
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AIR QUALITY MEASUREMENTS 
AT NORDMEDUNIT, UMM QUASR, IRAQ 

1 INTRODUCTION 

The Norwegian Institute for Air Research (NILU) was asked by 

the Norwegian army field hospital (UNIKOM/NORDMEDUNIT) in Umm 

Quasr to provide instruments for air quality measurements. The 

objectives of these measurements were to daily collect air 

samples to quantify the air pollution impact at the hospital. 

The health personnel consists of 50 Norwegians. Some of these 

persons will be located in the area for up to 12 months. A se

lection of persons will be followed up through medical tests. 

Information about air quality is thus needed for explanatory 

reasons. The concern about potential health effects was also 

mentioned in the request to NILU. 

2 INSTRUMENTATION 

The following instruments are being used at the Umm Quasr site: 

one automatic 24 h sampler (NILU-FK) for so2 and soot mea

surements (filter and absorption solution). 

One NILU PUF sampler for PAH sampling on filter and on poly

urethane foam (filters can also be used for analyses of 

heavy metals) • 

one analog wind recorder (Woelfle) mounted on a 2 m mast, 

located in an open field. 

Temperatures are also measured at 01, 07, 13 and 19 hrs every 

day. 
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3 LOCATION 

The monitoring site is located near Umm Quasr in the UN con

trolled zone at the border between Kuwait and Iraq (see map, 

Figure 1). The area is located 20-50 km north and north east of 

some of the burning oil fields in the north of Kuwait. The dis

tance from the larger part of the burning oil field is about 

100 km. 

4 WIND DIRECTIONS 

The predominant winds in May and June have been from around 

north and north-west (roughly 80% of the time). This means that 

smoke from the fires only rarely has been blown directly from 

the fire areas towards Umm Quasr. One such period was, however, 

observed between 26 and 27 May 1991. In the morning of 27 May 

weak winds (0.5 m/s) from south and west were observed in Umm 

Quasr. 

5 THE FIRST RESULTS 

The 24 h average so2 concentrations in May and June 1991 varied 

between 5 and 36 ~gfm3. The average concentration was 11.5 ±6.4 

~g/m3 . The highest concentration, 36 ~gfm3 , was measured on 

26-27 May 1991. 

The measured 24 h average soot concentrations were between 8 

and 400 ~gfm3. The average concentration was 43.3 ± 71.5 ~g/m3 . 

The WHO air quality guideline value for black smoke (reflec

tance method), which is 125 ~gfm3 as a 24 h average, was ex

ceeded on two occations. On 26-27 May 1991 the measured con

centration was more than 3 times the WHO guideline value. on 

14-15 June 1991 the soot concentration was 156 ~g/m3 • 

Four PAH samples have been analyzed so far. The total PAH con-



centrations varied between 207 and 412 ngjm3 . Naphtalene alone 

accounted for between 45 and 60%. The naphtalene concentrations ,~ 
in air were probably considerably higher. At high temperatures 

the sampling efficiencies of naphtalene and other volatile 

PAR-components are usually poor. 

The average total PAH concentration of (296 ± 87) ngjm3 is 

rather low, and much lower than the concentrations measured in 

some of the industrialized areas in Norway or in streets with 

high traffic. 

6 CONCLUSIONS 

Strong conclusions cannot be drawn based on these rather 

limited data, collected during a period with favourable weather 

conditions with little air quality impact on the location in 

Umm Quasr. However, during winds from south and south west, the 

concentrations of black smoke (soot) at the border between 

Kuwait and Iraq exceeded the WHO air quality guideline value by 

a factor of 3. The so2 concentrations were surprisingly low and 

not higher than 36 ~gjm3. 

Also the total PAH concentrations were rather low. The most 

volatile compounds might, however, have been considerably 

higher than measured by the methods used. 
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Figure 1: Burning oil fields and location of monitoring site 
in Umm Quasr. 
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Figure 2: 24 h average concentrations of so2 and soot (black 
smoke) in Umm Quasr at the border between Kuwait and .J· 
Iraq (May 1991) . . 
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Figure 3: 24 h average concentrations of so2 and soot (black 
smoke) in Umm Quasr at the border between Kuwait and 
Iraq (June 1991). 
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Table 1: Concentration of PAH in air (ngfm3) Umm Quasr, Kuwait 1~ 

21.5.1991 27.5.1991 14-15.6.1991 15.6.1991 
PAH Total Total Total Total 

Naphtalene 228 94.4 184 132 
2-methylnaphthalene 8.8 4. 5 7.2 9.3 
1-methylnaphthalene 4.6 2 . 1 4.2 5. 6 
Biphenyl 5.0 2 . 1 7.4 1 7 . 4 
Acenaphthylene 1.4 
Acenapthene 
Oibenzofuran 5. 7 
Fluorene 1 5. 4 7.2 17.6 34.8 

Dibenzothiophene 26.6 12.2 2.7 5. 5 

Phenanthrene 48. 7 31.7 3 3 . 2 2 2 . 3 

Anthracene 1 0. 8 4. 5 6. 1 1 0 . 4 

2-methylphenanthrene 11 . 4 3.4 2 . 5 3. 0 

2-metylanthracene 
1-methylphenanthrene 
Fluoranthene 1 7 . 3 11.5 15. 3 6.6 

Pyrene 1 6 . 1 1 1 . 3 9. 6 6 . 1 

Benzo(a)fluorene 
Retene 
Benzo(b)fluorene 
Benzo(g,h,i)fluoranthene 1.4 0.5 

Cyklopenta(cd)pyrene ( 2. 9) ( 2 . 7) ( 2. 0) ( 1. 7) 

Benz(a)anthracene 1 . 3 1.0 1.3 - 0. 4 

Chrysene/Thriphenylene 4.6 2. 4 1 . 9 1.1 

Benzo(b,j,k)fluoranthenes 2 . 7 5.9 2.9 1.4 

Benzo(e)pyrene -o.8 1 . 3 1.2 0.6 

Benzo(a)pyrene -o.8 0.3 1 . 0 0. 5 

Perylene 
Inden-( 1,2 ,3-c ,d)pyrene 1 . 8 0. 7 0.7 

01benzo(ac/ah)anthraces 
Benzo(g,h,i )p.erylene 1 . 8 1 . 1 1.0 

Anthanthrene 
Coronene 2.0 1 . 0 

1,2,4,5-dibenzopyrene 

Total 412 207 303 260 
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MEPA - Dammam Industrial Estates 
April 1991 

Hourly Averages for S02 in ppm 
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NO 
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NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
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24 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO NO ~ NO NO NO NO NO ~ NO ~ NO NO NO NO ~ ~ NO NO NO NO NO NO NO 
~ NO ~ NO NO NO NO NO ~ NO NO NO NO NO NO ~ ~ NO NO NO NO NO NO NO 
~ NO NO NO NO NO NO NO ~ NO NO NO NO NO NO NO NO NO NO NO NO NO ~ W 
NO NO NO ~ NO NO NO NO NO NO NO W NO NO NO NO ~ NO NO NO NO NO ~ NO 
NO NO NO ~ NO NO ~ NO NO ~ NO W NO ~ NO NO NO W NO ~ W NO ~ NO 
NO NO NO NO W NO ~ NO NO W NO ~ NO W NO NO NO NO NO NO NO NO ~ NO 
NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 0.002 0.009 0.007 0.020 0.026 0.012 0.005 0.008 

NO 0.006 0.004 0.009 0.008 0.007 0.009 0.013 0.015 0.006 0.001 0.003 0.003 0.002 0.000 0.001 0.000 0.000 0.003 0.002 0.002 0.003 0.005 0.006 

0 

Daily 

Avcruge 

***** 
***•• 
***** 
****" 
***** 
***** 
***** 
***** 
***** 
***** 
***** 
"'**** 
***** 
1t1t1<1t'lr 

0.0114 
0.0047 

17 0.009 0.010 o.ooo o.ooo 0.000 0.000 0.002 0.012 0.023 0.019 0.012 0.016 0.015 0.011 0.026 0.030 0.026 0.031 0.020 0.000 0.000 0.004 0.046 0.057 0.0154 
18 NO 0.010 0.012 0.013 0.008 0.004 0.013 0.019 0.022 0.016 0.017 0.018 0.049 0.096 0.061 0.016 0.014 0.009 0.006 0.008 0.011 0.012 0.021 0.020 0.0207 
19 NO 0.010 0.009 0.017 0.010 0.011 0.014 0.013 0.009 0.011 0.013 0.010 0.013 0.016 0.019 0.024 0.019 0.014 0.014 0.018 0.014 0.011 0.013 0.009 0.0135 
20 0.007 0.011 0.008 0.009 0.008 0.004 0.011 0.017 0.008 0.007 0.021 0.039 0.011 0.019 0.009 0.004 0.004 0.005 0.010 0.013 0.010 0.008 0.002 0.011 0.0107 
21 NO 0.014 0.009 0.018 0.016 0.021 0.021 0.032 0.027 0.027 0.021 0.004 0.008 0.015 0.016 0.022 0.018 0.004 0.004 0.004 0.007 0.016 0.014 0.008 0.0150 
22 NO 0.019 0.015 0.015 0.014 0.015 0.019 0.012 0.019 0.021 0.014 0.019 0.027 0.024 0.016 0.006 0.007 0.018 0.007 0.006 0.007 0.012 0.011 0.007 0.0143 
23 NO 0.012 0.019 0.010 0.013 0.024 0.028 0.023 0.023 0.012 0.006 0.004 0.003 0.003 CAL CAL 0.023 0.024 0.027 0.019 0.021 0.015 0.008 0.011 0.0156 
24 0.020 0.029 0.010 0.018 0.016 0.045 0.046 0.058 0.061 0.040 0.030 NO 0.080 NO NO .Nl) NO NO NO ND NO NO NO NO 0,03"(8 
25 NO NO NO NO NO NO NO .NO NO NO NO CAL CAL CAL CAL CAL 0.007 0.005 0.003 0.003 0.006 0.004 0.007 0._007 0.0053 
26 NO 0.010 0.009 0.007 0.007 0.009 0.016 0.011 0.009"0.010 0.008 0.007 0.009 0.014 0.013 0.009 CAL 0.007 0.006 0.010 0.011 0.018 0.009 0.011 0.0100 
27 NO 0.021 0.014 0.013 0.015 0.021 0.018 0.019 0.014 0.010 0.003 0.007 0.004 0.003 0.003 0.012 0.014 0.005 0.003 0.020 0.022 0.017 0.018 0.012 0.0125 
28 0.008 0.010 0.005 0.012 0.012 0.024 0.061 0.065 0.028 0.010 0.007 0.011 0.009 0.009 0.005 0.003 0.004 0.003 0.004 0.007 0.010 0.007 9.014 0.008 0.0140 
29 0.006 0.008 0.013 0.018 0.015 0.017 0.012 0.013 0.021 0.028 0.026 0.027 0.042 0.032 0.027 0.039 0.046 0.035 0.033 0.019 0.016 0.013 0.013 0.012 0.0221 
30 0.018 0.016 0.019 0.018 0.011 0.010 0.014 0.019 0.020 0.020 0.026 0.027 0.021 0.016 0.020 0.023 0.019 0.019 0.012 0.023 0.023 0.020 0.017 0.020 0.0188 

Maximum Hourly Average was 0.096 at Hour 14 on Day 18 with 1 occurences and there were no Hourly Violations 
Maximum Daily Average was 0.0378 on Day 24 with 1 occurences and there were no Daily Violations 
Operating Efficiency = 46.8 percent 

Monthly Average = 0.0150 

NO= no data, ZS =zero/span, CAL= calibration, IR =repair, RL =relocation, OFF_= off, AZS =daily zero/sp<m, INS= insufficient data 
{CEH 19901 
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Hour 2 

MEPA - Dammam industrial Estates 
April 1991 

Hourly Averages for NOK in ppm 

3 4 5 6 7 8 9 10 11 

u 0 

12 13 14 15' 16 17 18 19 20 21 22 23 24 Doily 

Day Avcroge 

1 NO NO NO NO NO NO NO NO NO NO NO NO NO ~ NO NO NO NO ~ NO NO NO NO ~ ~**** 

2 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO *"'*** 

3 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
4 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO *"**" 
5 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO "u'""' 
6 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO """.._* 
7 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO u•u 

8 NO NO NO NO NO NO 'NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO *"""** 
9 NO NO NO NO NO NO NO NO NO NO NO NO. NO NO NO NO NO NO NO NO NO NO NO NO *"**• 

10 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO "'**** 
11 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO **""'* 
12 NO NO NO NO NO NO NO NO. NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO **"'** 
13 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
14 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***'*"' 
15 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 0.047 0.027 0.047 0.032 0.050 0.068 0.080 0.056 0.0509 
16 NO 0.049 0.035 0.061 0.058 0.046 0.080 0.100 0.032 0.024 0.014 0.018 0.012 0.013 0.014 0.017 0.019 0.024 0.088 0.086 0.053 0.052 0.052 0.091 0.0451 
17 0.113 0.085 0.038 0.022 0.038 0.030 0.053 0.060 0.038 0.030 0.025 0.041 0.031 0.028 0.026 0.028 0.048 0.039 0.056 0.060 0.064 0.058 0.143 0.050 0.0502 
18 NO 0.016 0.018 0.020 0.039 0.037 0.058 0.045 0.087 0.063 0.045 0.042 0.036 0.035 0.036 0.036 0.052 0.068 0.097 0.081 0.088 0,195 0.134 0.124 0.0631 
19 NO 0.051 0.045 0.042 0.055 0.053 0.074 0.050 0.023 0.021 0.017 0.017 0.015 0.018 0.026 0.040 0.037 0.071 0.114 0.105 0.078 0.076 0.087 0.066 0.0513 
20 0.052 0.028 0.027 0.021 0.030 0.028 0.038 0.063 0.033 0.038 0.036 0.032 0.026 0.027 0.039 0.040 0.051 0.068 0.039 0.063 0.097 0.072 0.030 0.027 0.0419 
21 NO 0.019 0.019 0.017 0.014 0.024 0.038 0.085 0.061 0.047 0.037 CAL CAL 0.069 0.038 0.044 0.059 0.058 0,.064 0.060 0,068 0,097 0.083 0.057 0.0504 
22 NO 0.019 0.015 0.014 0.014 0.021 0.045 0.054 0.049 0.045 0.035 0.040 0.043 0.026 0.029 0.035 0.057 0.061 0.067 0.090 0.086 0.121 0.081 0.046 0.0475 
23 NO 0.017 0.017 0.010 0.013 0.017 0.038 0.053 0.047 0.035 0.024 0.025 0.029 0.030 0.027 0.048 0.046 0.100 0,102 0.111 0.117 0.066 0,048 0.043 0.0462 
24 0.025 0.021 0.014 0.016 0.015 0.024 0.058 0.113 0.072 0.045 0.038 0.043 0.037 0.034 0.033 0.041 0.049 0.052 0.066 0.090 0.108 0.118 0.100 0.086 0.0541 
25 NO 0.073 0.063 0.045 0.046 0.051 0.086 0.091 0.087 0.054 0.043 0.041 0.053 0.038 0.025 0.020 0.032 0.038 0.067 0.086 0.120 0.149 0.152 8.096 0.0677 
26 NO 0.066 0.109 0,073 0.050 0.037 0.045 0.024 0.017 CAL CAL CAL CAL CAL 0.027 0.032 0,034 0.050 0.072 0.120 0.219 0.154 0.081 0.071 0.0712 
27 NO 0.045 0.041 0.032 0.019 0.036 0.062 0.055 0.045 0.036 0.028 0.027 0.020 0.024 0.024 0.038 0.059 0.060 0.056 0.053 0.057 0.051 0.044 0.030 0.0410 
28 0.019 0.019 0.020 0.020 0.020 0.030 0.058 0.079 0.041 0.030 0.032 0.029 0.026 0.029 0.028 0.028 0.040 0,046 0.059 0.060 0.071 0.074 0.100 0.079 0.0432 
29 0.063 0.032 0.019 0.015 0.016 0.027 0.055 0.074 0.064 0.060 0.053 0.050 0.073 0.070 0.052 0.056 0.078 0.107 0.122 0.111 0.108 0.105 0.096 0.098 0.0668 
30 0.083 0.048 0.040 0.028 0.027 0.037 0.069 0.105 0.064 0.066 0.048 0.048 0.043 0.047 0.043 0.044 0.046 0.064 0.100 0.114 0.146 0.141 0.155 0.093 0.0708 

f--------------------------------------------------i Monthly Average = 0.0537 

Maximum Hourly Average was 0.219 at Hour 21 on Day 26 with 1 occurences and there Were no Hourly Violations 
Maximum Daily Average was 0.0712 on Day 26 with 1 occurences and there were no Daily Violations 
Operating Efficiency = 49.9 percent 
NO =no data, zs =zero/span, CAL= citlibration, IR = r'epair, Rl = relocation, OFF.= off, AZS =daily zero/span, INS= insufficient data 
[CEM 1990] 
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HEPA - Dammam Industrial Estates 
April 1991 

Frequency Distribution 
Hourly Averages for NOx in ppm 

Concentration # of Hours 

' 
Percentage 

,--- - ----- -1 

OoOOO 0 Oo050 
Oo051 ° Oo110 

Oo111 ° Oo210 
0.211+ 

197 
132 

22 

56o0 
37o5 

6o2 

Oo3 

u u 



0 

Hour 2 

MEPA - Da1T111a.m Industrial Estates· 

April 1991 
Hourly Averages for N02 in ppm 

3 4 5 6 7 

u 

8. 9 10 11 12 

0 

13 14 15 16 17 18 19 20 21 22 23 24 

Day r-----------------------------------------------------------------------------------------------------~ 
Oai ly 
Average 

1 NO NO NO NO NO NO NO NO ~ NO ~ NO NO NO NO NO NO NO NO NO NO NO NO NO 
2 NO NO NO ~ NO NO NO HD NO NO ~ NO NO NO NO NO NO NO NO NO NO NO NO NO 
3 NO NO NO NO NO NO NO NO NO NO ~ NO ~ NO NO NO NO NO NO NO NO NO NO NO 
4 NO NO NO NO NO NO NO ~ ~ NO ~ NO ~ NO NO NO NO NO NO NO NO NO NO ~ 

5 NO NO NO ~ ~ NO NO NO NO NO ~ NO. ~ NO NO NO ~ NO NO NO ~ NO ~ NO 
6 NO NO NO ~ ~ NO NO NO NO NO NO NO ~ NO NO NO ~ NO NO NO ~ NO ~ NO 
7 NO ND NO NO NO NO NO NO NO NO NO NO ~ ~ NO ~ ~ NO NO NO ~ ~ ~ NO 
8 NO ~ NO NO NO ~ NO NO NO NO NO ~ NO NO NO ~ NO NO NO NO ~ ~ ~ NO 
9 ~ ~ 00 NO NO NO NO NO NO NO NO ~ NO NO NO ~ NO NO NO NO ~ ~ NO NO 

10 NO NO W NO NO NO NO NO NO NO NO ~ NO W NO ~ NO NO . NO NO ~ 00 NO NO 
11 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 

12 NO NO NO NO ~ NO NO NO NO NO NO ~ NO ~ NO ~ NO NO NO NO NO .NO NO NO 
13 NO NO NO NO ~ NO NO NO NO NO· NO NO. NO ~ NO NO NO NO NO NO NO NO NO NO 
14 NO NO NO ~ ~ NO NO NO NO NO N~ ~ NO ~ NO NO NO ~ NO NO NO NO NO NO 
15 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 0.041 0.026 0.044 0.031 0.044 0.051 0.053 0.045 
16 NO 0.040 0.033 0.039 0.038 0.037 0.038 0.041 0.024 0.019 0.011 0.016 0.011 0.012 0.012 0.015 0.017.0.023 0.042 0.041 0.043 0.045 0.046 0.045 
17 0.047 0.042 0.030 0.021 0.037 0.028 0.039 0.041 0.029 0.024 0.021 0.034 0.026 0.025 0.025 0.026 0.043 0.035 0.043 0.045 0.049 0.047 0.050 0.044 

***** 
***** 
***** 
***** 
***** 
***"'* 
*"'*"'* 
**"'*"' 
**"'** 
***** 
**"'*"' 
***** 
***** 
***** 

0.0419 
0.0299 
0.0355 

18 NO 0.016 0.018 0.019 0.032 0.031 0.040 0.033 0.038 0.037 0.032 0.034. 0.033 0.032 0.034 0.033 0.044 0.049 0.054 0.058 0.055 0.054 0.050 0.049 0.0380 
19 NO 0.039 0.036 0.037 0.037 0.035 0.037 0.032 0.020 0.018 0.015 0.015 0.014 0.017 0.024 0.034 0.030 0.046 0.048 0.049 0.047 0.043 0.041 0.043 0.0329 
20 0.043 0.028 0.027 0.020 0.026 0.021 0.028 0.042 0.025 0.028 0.028 0.025 0.022 0.024 0.033 0.033 0.038 0.045 0.033 0.047 0.047 0.041 0.029 0.025 0.0316 
21 NO 0.018 0.018 0.016 0.013 0.021 0.032 0.047 0.040 0.033 0,028 CAL CAL 0,029 0.033 0.037 0.044 0.042 0.045 0.047 0.050 0.055 0.047 0.041 0.0350 
22 NO 0.018 0.014 0.013 0.013 0.018 0.029 0.031 0.033 0.030 0.027 0.030 0.033 0.022 0.023 0.028 0.039 0.041 0.042 0.044 0.043 0.044 0.039 0.034 0.0299 
23 NO 0.016 0.016 0.010 0.012 0.015 0.027 0.034 0.033 0.027 0.020 0.020 0.023 0.024 0.023 0.037 0.038 0.055 0.054 0.055 0.053 0.050 0.043 0.039 0.0315 
24 0.023 0.020 0.013 0.015 0.014 0.018 0.033 0.042 0.045 0.035 0.030 0.030 0.028 0.027 0.028 0.033 0.040 0.039 0.042 0.046 0.047 0.048 0.044 0.047 0.0328 
25 No o.042 o.o38 o.o36 o.037 o.o35 o.o44 o.042 o.o5o o.o39 o.036 o.034 o.043 o.o33 o.o24 o.019 o.028 o.o33 o.o5o o.o53 o.059·o.058 o.071 o.o6o o.0419 
26 NO 0.048 0.046 0.042 0.040 0.032 0.034 0.020 0.015 CAL CAL. CAL CAL CAL 0.025 0.028 0.029 0.047 0.067 0.066 0.078 0.074 0.061 0.056 0.0449 
27 NO 0.042 0.039 0.031 0.019 0.028 0.037 0.035 0.029 0.025 0.020 0.020 0.016 0.019 0.019 0.029 0.040 0.045 0.047 0.044 0.048 0.045 0.039 0.029 0.0324 
28 0.018 0.018 0.019 0.019 0.019 0.026 0.031 0.039 0.030 0.022 0.023 0.021 0.018 0.022 0.021 0.020 0.028 0.031 0.039 0.045 0.049 0.053 0.050 0.045 0.0294 
29 0.044 0.029 0.017 0.014 0.015 0.023 0.037 0.040 0.036 0.037 0.039 0.037 0.047 0.049 0.042 0.046 0.052 0.052 0.051 0.047 0.048 0.048 0.052 0.045 0.0395 
30 0.040 0.039 0.032 0.024 0.024 0.030 0.039 0.047 0.040 0.046 0.037 0.035 0.032 0.035 0.034 0.035 0.035 0.044 0.052 0.059 0.059 0.052 0.054 0.048 0.0405 

' Monthly Average= ,------------------------------------------------------------------------------------------------------------------------- ' 
Maximum Hourly_ Average was 0.078 at Hour 21 on Day 26 with 1 occurences and there were no Hourly Violations 
Maximum Daily Average was 0.0449 on Day 26 with 1 occurences and there were no Daily Violations 
Operating Efficiency = 49.9 percent 
NO= no data, ZS = zero/span, CAL= calibration, IR =repair, Rl = relocation, OFF= off, AZS =daily zero/span, INS= insufficient data 
[CEM 1990] 
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HEPA - Dammam Industrial Estates 
April 1991 

Hourly Averages for NO in ppm 
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17 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

16 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

19 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

20 

· NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

21 

No 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

.NO 

22 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

23 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

24 

Hour· ·_:__~~~~~~~~~~ Day·~ 
1 

2 

3 

4 

5 
6 

7 

8 

9 

10 

11 

12 

13 
14 

15 

16 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

Oai ly 
Average 

***** 
"'**** 

W NO W NO NO ~ NO NO NO NO ~ NO NO ~ NO NO ~ NO NO NO ~ NO NO NO 
NO NO ~ NO Nb ~ NO NO NO NO ~ NO NO ~ ~ NO ~ NO NO NO ~ NO NO ~ 

~ ~ W NO NO ~ NO NO NO NO ~ NO NO NO NO NO ~ NO NO NO NO NO NO NO 
NO W W NO NO ~ W NO NO NO W W ~ ~ NO NO ~ NO NO NO NO NO NO NO 
NO ~ W NO NO ~ NO NO NO NO W NO ~ NO NO NO W NO NO NO NO ~ NO NO 
NO NO NO NO NO NO NO NO NO NO NO NO NO NO . NO NO 0.006 0.002 0.004 0.001 0.006 0,018 0.028 0.011 

NO 0.010 0.002 0.022 0.020 0.009 0.043 0.060 0.009 0.006 0.003 0.002 0.001 0.002 0:002 ~.002 0.001 0.001 0.047 0.046 0.010 0.007 0.007 0.047 

***** 
**"** 
"'**** 
**•** 
***** 
***** 
***** 
***** 
••••• 
***** 
***** 
***** 

0.0095 
0.0156 

17 0.067 0.043 0.008 0.001 0.001 0.003 0.014 0.019 0.010 0.006 0.004 0.007 0.005 0.003 0.002 0.002 0.005 0.004 0.013 0.015 0.016 0.011 0.094 0.006 0.0150 
18 NO 0.000 0.000 0.001 0.007 0.006 0.019 0.012 0.050 0.026 0.013 0.009 0.004 0.004 0.002 0.003 0.008 0.020 0.045 0.023 0.033 0.143 0.085 0.076 0.0256 
19 NO 0.012 0.009 0.005 0.018 0.019 0.037 0.019 0.003 0.003 0.002 0.002 0.001 0.001 0.002 0.006 0.007 0.026 0.067 0.057 0.031 0.034 0.046 0.023 0.0187 
20 0.009 0.001 0.001 0.001 0.005 0.006 0.010 0.022 0.008 0.010 0.009 0.007 0.004 0.004 0.006 0.007 0.013 0.024 0.006 0.017 0.051 0.031 0.001 0.003 0.0107 
21 NO 0.001 0.001 0.001 0.001 0.003 0.006 0.038 0.021 0.014 0.009. CAL CAL 0.040 0.006 0.007 0.015 0.016 0.020 0.014 0.019 0.042 0.037 0.017 0.0156 
22 NO 0.001 0.001 0.001 0.001 0.004 0.016 0.023 0.016 0.016 0;009 0.011 0.010 0.005 0.006 0.007 0.018 0.020 0.025 0.047 0.044 0.079 0.043 0.012 0.0180 
23 NO 0.001 0.001 0.000 0.000 0.002 0.012 0.019 0.015 0.008 0.005 0.005 0.006 0.006 0.004 0.011 0.008 0_.045 0.048 0.056 0.065 0.017 0,006 0.004 0.0150 
24 0.002 0.002 0.001 0.002 0.002 0.006 0.025 0.072 0.028 0.010 0.009 0.012 0.010 0.007 0.005 0.008 0.010 0.014 0.025 0.044 0.062 0.071 0.057 0.040 0.0218 
25 No o.032 o.o25 o.oo9 o.o1o o.016 o.042 o,o49 o.o37 o.o15 o.oo8 o.oo7 o.o1o o.oo6 o.oo2 o.oo1 o.oo4 o.oo5 o.018 o.o33 o.062 o.o93 o.o82 o.o37 ·0.0262 
26 NO 0.019 0.063 0.032 0.011 0.006 0.011 0.004 0.002 CAL CAL CAL CAL CAL 0.002 0.004 0.006 0.003 0.005 0.054 0.143 0.082 0.021 0.015 0.0268 
27 NO 0.003 0.002 0.001 0.001 0.008 0.025 0.020 0.016 0.010 0.008 0.007 0.004 0.005 0.005 0.009 0.019 0.016 0.010 0.009 0.010 0.006 0.004 0.002 0.0087 
28 0.001 0.001 0.001 0.001 0.001 0.004 0.027 0.040 0.012 0.008 0.009 0.008 0.007 0.007 0.007 0.007 0.012 0.016 0.020 0.015 0.022 0.021 0 .. 050 0.035 0.0138 
29 0.020 0.003 0.002 0.001 0.001 0.004 0.018 0.034 0.026 0.023 0.014 0.013 0.026 0.021 0.010 0.010 0.027 0.056 0.072 0.064 0.061 0.058 0.045 0.054 0.0277 
30 0.044 0.010 0.007 0.004 0.003 0.007 0.031 0.058 0.025 0.020 0.010 0.013 0.011 0.013 0.009 0.010 0.011 0.021 0.048 0.056 0.088 0.090 0.102 0.045 0.0307 

1--------------------------------------·-------l Monthly Average = 0.0190 

Maximum Hourly Average was 
Maximum Daily Average was 

0.143 at Hour 22 on Day 18 with 2 occurences and there were no Hourly Violations 
0.0307 on Day 30 with 1 occurences and there were no Daily Violations 

Operating Efficiency = 49.9 percent 
NO= no data, ZS =zero/span, CAL= calibration, JR =repair, RL =relocation, OFF.= off, AZS =daily zero/span, INS= insufficient data 
(CEH 19901 
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DAMMAM INDUSTRIAL ESTATES 
Hourly NOx/N02 /NO - April, 1 9 9 1 
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DAMMAM INDUSTRIAL ESTATES 
Diurnal NOx/N02 /NO - April, 1 9 9 1 
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MEPA · Dammam Industrial Estates 
April 1991 

Hour~y Averages for NH3 in ppm 

3 4 5 6 7 8 9 10 11 

u 

12 13 14 15 16 17 18 19 20 21 22 23 24 

1 NO ~ W NO NO NO NO NO NO NO NO NO NO NO ~ NO NO NO NO NO ~ NO NO NO 
2 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO· ~ W NO NO 
3 NO NO NO NO NO NO NO N~ NO. NO NO NO NO NO NO ~ NO NO NO NO ~ ~ NO NO 
4 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ~ NO NO NO NO ~ W NO NO 
5 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ~ NO NO NO NO ~ W NO NO 
6 W NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO W W W NO NO 
7 NO NO, NO ND NO NO NO NO NO NO NO NO NO NO W NO NO NO NO W NO W NO NO 
8 NO NO NO W NO NO NO NO NO NO NO NO NO NO W NO NO NO NO NO W NO NO NO 
9 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO W NO NO NO NO W W NO W 

10 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO W NO NO NO NO W W W W 

0 

Daily 

Average 

•**** 
***** 
•••*lr: 
****"' 
****"' 
***** 
***** 
**'~~** 

**"'** 
••••• 

11 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
12 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
13 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO **"'"** 
14 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
15 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 0.048 0.030 0.036 0.035 0.053 0.069 0.075 0.055 0.0501 
16 0.045 0.048 0.037 0.058 0.058 0.047 0.074 0.094 0.034 0.026 0.018 0.018 0.015 0.016 0.018 0.020 0.020 0.027 0.087 0.085 0.055 0.055 o.oss 0.090 0.0458 
17 0.072 0.081 0.037 0.018 0.026 0.022 0.044 0.054 0.037 0.030 0.026 0.042 0.032 0.029 0.027 0.029 0.036 0.041 0.059 0.059.0.056 0.054 0.134 0.050 0.0456 
18 0.038 0.018 0.022 0.023 0.042 0.040 0.057 0.049 0.087 0.063 0.047 0.043 0.035 0.037 0.038 0.038 0.053 0.067 0.093 0.072 0.081 0.178 0.125 0.117 0.0610 
19 0,069 0.053 0.046 0.043 0.052 0.054 0.074 0.051 0.025 0.024 0.020 0.019 0.016 0.019 0.027 0.041 0.039 0.071 0.109 0.102 0.080 0.079 0.089 0.067 0.0529 
20 0.044 0.032 0.030 0.023 0.033 0.029 0.040 0.064 0.036 0.041 0.040 0.037 0.030 0.031 0.043 0.044 0.055 0.071 0.043 0.066 0.096 0.072 0.032 0.030 0.0442 
21 0.025 0.021 0.019 0.014 0.013 0.020 0.039 0.079 0,061 0.048 0.039 0.041 0.034 0.040 0.041 0.048 0.063,0,061 0.067 0.065 0.072 0.100 0.084 0.061 0.0461 
22 0.027 0.021 0.016 0.016 0.017 0.023 0.045 0.054 0.050 0.047 0.038 0.044 0.046 0.029 0.033 0.039 0.061 0.066 0.071 0.092 0.088 0.118 0.080 0.048 0.0487 
23 0.028 0.020 0.019 0.013 0.016 0.019 0.041 0.056 0.050 0.038 0.029 0.029 0.032 0.033 0.030 0.051 0.051 0.102 0.103 0.111 0.112 0,067 0.053 0.046 0.0479 
24 0.022 0.021 0.014 0.017 0.016 0.025 0.056 0.109 0.072 0.045 0.040 0.045 0.039 0.034 0.031 0.040 0.051 0.053 0.066 0.089 0.106 0.113 0.094 0.086 0.0535 
25 0.052 0.073 0.061 0.045 0.045 0.051 0.083 0.091 0.088 0.056 0.046 0.043 0.056 0.040 0.027 0.026 0.035 0.041 0.069 0.084 0.109 0.133 0.121 0.082 0.0649 
26 0.046 0.062 0.100 0.069 0.046 0.035 0.043 0.025 0.019 0.020 0.016 0.022 0.024 0.022 0.027 0.033 q.013 0.035 0.055 0.065 0.186 0.147 0.100 0.063 0.0530 
27 0.081 0.060 0.045 0.037 0.028 0.031 0.054 0.059 0.045 0.039 0.034 0.029 0.025 0.022 0.024 0.032 0.054 0.060 0.055 0.052 0.052 0.049 0.042 0.031 0.0433 
28 0.019 0.018 0.019 0.019 0.019 0.027 0.045 0.080 0.046 0.030 0.031 0.029 0.027 0.027 0.028 0.0~6 0.035 0.042 0.058 0.053 0.067 0.076 0.090 0.080 0.0413 
29 0.059 0.036 0.018 0.016 0.016 0.022 0.048 0.069 0.062 0.063 0.051 0.044 0.064 0.066 0.055 0.048 0.070 0.089 0.119 0.100 0.106 0.103 0.087 0.091 0.0626 
30 0.061 0,050 0.039 0.031 0.024 0.029 0.056 0.093 0.068 0.064 0.048 0.043 0.041 0.042 0.040 0.040 0.041 0.053 0.083 0.102 0.132 0.125 0.157 0.096 0.0650 

l-----'----------------'-----------------------------1 Monthly Average = 0.0518 

Maximum Hourly Average was 0.186 at Hour 21 on Day ~6 with 1 occurences and there were no Hourly Violations 
Maximum Daily Average was 0.0650 on Day 30 with 1 occurenccs and there were no Daily Violations 
Operating Efficiency = 51.1 percent 
NO= no data, zs =zero/span, CAL= calibration, JR =repair, RL =relocation, OFF·= off, AZS =daily zero/span, INS= insufficient data 
[CEH 19901 
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Hour 2 

MEPA • Dammam industrial Estates 
April 1991 

Hourly Averages for 03 in ppm 

3 4 5 6 7 8 9 10 11 

0 0 

12 13 14 15 16 17 . 18 19 20 21 22 23 24 Daily 
Day Average 

1 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
2 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
3 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO **""" 11 

4 No" NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO .-.*"'* 
5 NO , NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO . NO NO NO ND NO NO NO NO U*** 

.6 

7 

8 

9 

10 
11 
12 
13 
14 
15 
16 

NO NO NO NO NO NO NO ~ NO NO W NO 
NO NO NO NO NO NO NO ~ NO NO NO NO 
NO NO NO NO NO ~ NO NO NO NO ·NO W 
NO NO NO NO NO W W NO NO NO NO NO 
NO NO ~ NO NO W ~ NO NO NO ~0 NO 
NO NO NO NO NO W W NO NO NO W NO 
NO NO ~ NO W W W NO NO NO W NO 
NO NO W NO W W W NO NO NO W W 

NO NO W NO W W W NO NO NO W NO 

NO NO W NO W W NO NO NO NO W W 
NO 0,003 0.005 0.002 0.001 0,003 0.004 0.003 0.014 0.018 0.024 0.024 

NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 

........ 
"'"'*** ...... 
*"'*** 
*"'*** 
••••• 

NO NO NO NO NO NO NO NO NO NO NO NO ***** 
NO NO NO NO NO NO NO NO NO NO NO NO *"'**"' 
NO NO NO NO NO NO NO NO NO NO NO NO *"'"'*"' 
NO NO NO NO 0.014 0.023 0.008 0.015 0.005 0.001 0.001 0.004 0.0089 

0.026 0.025 0.023 0.021 0.020 0.016 0.004 0.002 0.004 0.004 0.002 0.002 0.0109 
17 0.001 0.001 0.006 0.013 0.009 0.010 0.006 0.005 0.015 0.022 0.024 0.020 0.031 0.033 0.039 0.032 0.020 0.011 0.005 0.004 0.003 0.002 0.001 0.004 0.0132 
18 NO 0.020 0.016 0.013 0.003 0.003 0.004 0.006 0.004 0.008 0.012 0.021 0.034 0.037 0.032 0.022 0.010 0.005 0.001 0.005 0.006 0.001 0.001 0.001 0.0115 
19 NO 0.003 0.003 0.002 0.005 0.001 0.002 0.007 0.018 0.021 0.024 0.025 0.027 0.025 0.019 0.013 0.013 0.003 0.001 0.001 0.002 0.002 0.001 0.001 0.0095 
20 0.001 0.006 0.008 0.011 0.008 0.008 0.007 0.007 0.017 0.015 0.015 0.019 0.022 0.022 0.014 0.013 0.007 0.003 0.010 0.002 0.001 0.002 0.010 0.012 0.0100 
21 NO 0.015 0.014 0.017 0.018 0.014 0.008 0.002 0.008 0.014 0.020 CAl CAL 0.014 0.015 0.013 0.007 0.007 0.004 0.004 0.002 0.002 0.001 0.001 0.0095 
22 NO 0.016 0.018 0.018 0.017 0.014 0.007 0.007 0.010 0.015 0.019 0.017 0.017 0.020 0.017 0.012 0.004 0.002 0.001 0.001 0.001 0.001 0.001 0.001 0.0103 
23 NO 0.012 0.013 0.017 0.016 0.014 0.009 0.009 0.013 0.021 0.025 0.024 0.022 0.021 0.023 0.011 0.012 0.002 0.001 0.001 0.001 0.001 0.002 0.005 0.0120 
24 0.017 0.017 0.017 0.016 0.016 0.011 0.003 0.002 0.008 0.019 0.024 0.020 0.019 0.021 0.021 0.012 0.009 0.006 0.003 0.002 0.001 0.001 0.001 0.001 0.0111 
25 NO 0.001 0.001 0.002 0.001 0.003 0.003 0.003 0.008 0.016 0.020 0.024 0.019 0.027 0.037 0.035 0.020 0.015 0.004 0.002 0.001 0.001 0.001 0.001 0.0107 
26 NO 0.003 0.001 0.001 0.002 0.005 0.009 0.019 0.025 0.029 0.036 0.040 0.046 0.046 CAL CAL CAl CAl 0.007 0.008 0.001 0.002 0.001 0.001 0.0148 
27 NO 0.007 0.004 0.008 0.018 0.009 0.006 0.012 0.015 0.020 0.023 0.023 0.028 0.023 0.022 0.015 0.006 0.005 0.004 0.005 0.003 0.004 0.006 0.011 0.0120 
28 0.017 0.016 0.015 0.013 0.012 0.006 0.004 0.004 0.016 0.019 0.018 0.020 0.021 0.018 0.016 0.017 0.012 0.009 0.006 0.005 0.002 0.003 0.001 0.001 0.0113 
29 0.001 0.011 0.017 0.021 0.021 0.012 0.002 0.002 0.006 0.010 0.014 0.012 0.004 0.007 0.016 0.014 0.005 0.002 0.001 0.001 0.002 0.001 0.001 0.001 0.0077 
30 0.001 0.002 0.006 0.012 0.014 0.009 0.004 0.003 0.011 0.016 0.023 0.020 0.020 0.018 0.020 0.016 0.012 0.006 0.001 0.006 0.003 0.001 0.001 0.001 0.0094 

Maximum Hourly Average was 0.046 at Hour 13 on Day 26 with 2 occurences and there were no Hourly Violations 
Maximum Daily Average was 0.0148 on Day 26 with 1 occurences and there were no Daily Violations 
Operating Efficiency = 49.9 percent 

Monthly Average = 

NO= n6 data, ZS =zero/span, CAL= calibration, IR =repair, Rl =relocation, OFF~ off, AZS =daily zero/span, INS= insufficient data 
[CEH 1990] 

0.0108 
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Hour 

MEPA - Dammam Industrial Estates 
April 1991 

Hourly Averages fo~ Carbon Monoxide in ~pm 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 . 18 19 20 21 22 23 24 

Day ~--------------------------------------------------------------------------------------~------~ 
1 
2 

3 

4 
5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

NO NO NO NO 

NO NO NO NO 

'No NO NO NO 

NO NO NO NO 

NO -NO NO NO 

NO NO NO NO 

NO NO NO NO 

NO NO NO NO 

NO NO NO NO 

NO NO NO NO 

NO NO NO NO 

NO NO NO NO 

NO NO NO NO 

NO NO NO NO 

NO NO NO NO 

NO 0.5 0.5 0.9 

1.6 1.3 0.9 0.5 

NO 0.4 0.5 0.5 

No 0.7 0.9 0.7 
1.3 0.7 0.7 0.6 

NO 0.4 0.4 0.4 
NO 0.4 0.4 0.4 

NO NO 

NO NO 
NO NO 
NO NO 

NO NO 

NO NO 
NO NO 
NO NO 
NO NO 
NO NO 

NO NO 
NO NO 

NO NO 

NO NO 

NO NO 

0.9 0.7 

0.6 0.6 

0.8 0.8 

0.9 0.8 

0.5 0.6 

0.3 0.5 

0.4 0.5 
23 NO 0.5 0.4 0.4 0.4 0.5 
24 0.9 0.9 0.8 
25 NO 1.7 1.6 
26 NO 1.0 1.4 

'27 NO 0.7 0.5 
28 0.3 0.2 0.2 

0.8 0.8 1.0 

1.3 1.2 1.4 

1.1 0.9 0.7 

0.3 0.2 0.5 

0.2 0.2 0.3 

29 0.5 0.3 0.2 0.1 0.1 . 0.3 

0.6 0.4 30 0.8 0.4 0.3 0.2 

NO 

ND 
ND 
NO 

ND 
ND 
NO 

NO 

NO 

ND 
NO 

ND 
NO 

ND 
ND 

0.9 

1.2 

0.8 

1.0 

0.9 

0.7 

0.9 

0.9 

1.6 

1.9 

0.6 

1.1 

1.0 

0.8 

0.8 

NO 

ND 
NO 

ND 
ND 
ND 
NO 

ND 
ND 
ND 
ND 
NO 

ND 
ND 
ND 

1.2 

1.0 

0.7 

0.8 

1.4 

1.5 

1.0 

1.2 

2.5 

1.8 

0.4 

1.1 

1.4 

1.1 

1.~ 

NO 

NO 

NO 

NO 

NO 

ND 
ND 
ND 
NO 

NO 

NO 

ND 
ND 
NO 

NO 

0.6 

0.8 

1.0 

0.7 

1.0 

1.1 

1.0 

ND 
ND 
NO 

NO 

NO 

ND 
NO 

NO 

NO 

NO 

NO 

ND 
NO 

NO 

NO 

0.5 

0.6 

1.0 

0.6 

1.1 

1.0 

0.9 

NO NO NO 
NO NO NO 

NO NO No 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 

NO NO' NO 

NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 

0.4 0.4 0.4 

0.6 0.8 0.7 

0.9 1.0 1.0 

0.6 0.6 0.6 

0.9 0.8 0.8 

1.1 CAL CAL 
0.9 1.0 1.0 

ND 
ND 
NO 

ND 
NO 

NO 

NO 

NO 

NO 

NO 

ND 
NO 

NO 

ND 
ND 

0.4 

0.6 

0.9 

0.6 

0.8 

0.7 

0.8 

1.0 0.8 0.7 0.9 CAL CAL 
2.0 1.7 1.4 1.5 1.5 1.4 
2.3 2.0 1.7 1.5 1.5 1.4 

0.4 0.4 0.4 0.6 0.6 0.5 

0.7 0.7 0.5 0.4 0.2 0.4 

0.9 0.7 0.6 0.6 o:6 0.5 

NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 
NO NO NO 

NO NO NO 
NO NO NO 

NO NO NO 

NO NO NO 
NO NO NO 
NO NO NO 
NO . NO 0.6 

0.4 0.4 0.4 
0.7 0.6 0.7 

o.8 o.8· 0.9 

0.6. 0.7 0.8 

0.8 0.9 1.1 
1.0 0.9 1.1 

0.8 0.9 1.2 

ND 
NO 

ND 
ND 
NO 

NO 

NO 

NO 

ND 
NO 

NO 

NO 

NO 

ND 
0.6 

0.5 

0.7 

1.1 

1.1 

1.4 
1.3 

1.3 
CAL 1. 7 1.6 2.4 
1.5 1.8 1.9 2.0 
0.7 0.5 0.6 0.9 
0.6 0.6 CAL CAL 
0.4 0.5 0.7 0.9 

0.6 0. 7 0.9 1.0 

0.8 0.8 0.8 o. 7 1.0 0.9 0.7 0.8 1.1 1.6 

1.2 0.8 1.1 0.8 0.6 0.4 0.3 0.5 0.7 0.9 

NO 

NO 

ND 
NO 

NO 

NO 

ND 
NO 

ND 
ND 
ND 
ND 
ND 
NO 

0.9 

0.9 

0.9 

1.4 

1.6 

1.1 

1.2 

1.3 

NO 

NO 

NO 

ND 
ND 
NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

ND 
0.6 

1.0 

1.0 

1.2 

1.5 

1.3 

1.1 

1.5 

ND 
NO 

NO 

ND 
NO 

ND 
ND 
NO 

NO 

NO 

ND 
NO 

ND 
ND 

0.8 

0.8 

0.9 

1.4 

1.5 

1.4 

1.6 

1.9 

2.3 2.5 1.8 

2.2 2.6 2.5 

1.1 1.4 1.8 

1.2 2.0 3.3 

0.8 0.8 0.9 

1.1 1.0 1.2 

1.7 

1.5 

1.8 2.0 

1.6 1.6 

NO NO 
NO NO 
NO NO 
NO NO 

NO NO 
NO I NO 

NO NO 

NO NO 

NO NO 

NO NO 
NO NO 

NO NO 
NO NO 
NO NO 

1.0 1.0 

1.0 1.1 

1.0 1.8 

2.6 1.8 

1. 7 1.4 

1.0 0. 7 

2.2 '1.3 

2.2 1.2 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

ND 
NO 

NO 

NO 

ND 
NO 

ND 
0.4 

1.4 

0.9 

1.5 

1.3 

0.6 

0.7 

0.8 

1.2 

2.6 

1.8 

2.0 

0.9 

1.6 

1.1 1.1 

2.4 1.9 

1.8 1.5 
1.0 1.0 

0.7 0.5 

1.3 0.9 

1.8 1.9 
2.2 2.8 

1.3 

1.6 

Oai ly 
Average 

"'**** 
"'**** 
***** 
"'"'"'** 

"'"'"'"'"' 
"'"'**"' 
"'"'"'** 
"'***"' 
*"'*** 
*"'*** 
"'*"'** 
***"'* 
"'*"'*"' 
***** 
0.74 

0.70 

0.86 

1.03 

0.94 

0,93 

0.98 

0.99 

1.17 
1.67 

1.45 
0,99 

0.63 

0.75 

0.96 

0.98 

Monthly Average = 1.00 

Maximum Hourly Average was 
Maximum Daily Average was 

3.3 at Hour 21 on Day 26 with 1 occurences and there were no Hourly Violations 
1.67 on Day 24 with 1 occurences and there were no Daily Violations 

Operating Efficiency = 49.9 percent 
NO= no data, ZS = zero/span, CAL= calibration, IR =repair, RL = relocation, OFF =off, AZS =daily zero/span, INS= insufficient data 
(CEM 1990] 
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MEPA · Oammam Industrial Estates 
April 1991 

Frequency Distribution 
Hourly Averages for Carbon Monoxide in ppm 

Concentration # of Hours 

0.0 . 5.0 352 
5.1 10.0 0 

10.1 . 30.0 0 
30.1 . 50.0 0 

50.1+ 0 

( ---, u 0 

Percentage 
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Hour 2 

MEPA - Oammam Industrial Estates 
Hay 1991 

Hourly Averages for S02 in ppm 

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Daily 
Day Average 

1 NO 0.011 0.016 0.023 0~009 0.009 0.014 0.021 0.012 0.010 0.007 0.037 0.051 0.039 0.020 0.018 0.023 0.021 0.029 0.048 0.046 0.055 0.046 0'.030 0.0259 
2 0.026 0.018 0.020 0.024 0.017 0.015 0.033 0.027 0.032 0.027 0.043 0.026 0.020 0.017 0.020 0.019 0.024 0.011 0.015 0.009 0.006 0.008 0.009 0.008 0.0197 
3 NO 0.016 0.036 0.070 0.072 0.064 0.060 0.058 0.024 0.017 0.015 0.012 0.010 0.006 0.005 0.009 0.009 0.006 0.007 0.004 0.003 0.001 0.003 0.010 0.0226 
4 NO 0.008 0.005 0.013 0.013 0.026 0.039 O.tJ520.051 0.044 0.036 0.017.0.009 0.011 0.014 0.011 0.007 0.003 0.001 0.002 0.007 0.009 0.011 0.009 0.0173 
5 0.009 0.004 0.009 0.012 0.010 0.013 0.017 0.016 0.011 0·.012 0.008 0.005 0.006 NO .. NO NO NO NO NO NO NO NO NO NO 0.0102 

6 NO NO NO NO NO NO NO NO NO . NO NO NO NO NO NO" _NO NO NO NO NO 0.010 0.016 0.017 0:018 0.0153 

7 NO 0.005 0.007 0.015 0.017 0.013 0.013 0.009 0.017 0.018 0.020 0.018 0.020 0.010 0.012 0.008 0.013 0.022 0.012 0.013 0.019 0.016 0.013 0.018 .0.0143 
8 NO 0.021 0.018 0.014 0.008 0.007 0.013 0.012 0.012 0.010 CAL CAL 0.007 0.006 0.004 0.009 0.008 0.012 0.017 0.021 0 •. 026 0.030 0.034 0 • .063 0.0168 
9 NO 0.013 0.009 0.005 0.005 0.004 0.007 0.013 0.011 0.011 0.010 0.011 0.015 0.019 0.025 0.015 0.009 0.014 0.025 0.025 0.024 0.028 0.033 0.028 0.0156 

10 NO 0.034 0.025 0 • .023 0.027 0.025 0.021 0.013 0.008 0.024 0.021 0.004 0.002 0.009 0.002 0.001 0.000 0.000 0.000 0.001 0.005 0.004 0.002 0.003 0.0110 
11 o.oo7 o.008 o.oo7 o.oo6 o.oo2 o.oo8 o.oo8 o.018 o.o3o o.o36 o.o55 o.o46 o.023 o.o11 o.oo5 o.oo8 o.o1o ,o.o13 o.oo6 o.o.o7 o.oo8 o.013 o.016 o.oo9 o.o1so 
12 0.009 0.004 0.010 0.005 0.005 0.006 0,008 0.011 0.014 0.019 0.010 0.008 0.006 NO NO NO NO NO NO NO NO NO NO NO 0.0088 

13 NO NO NO NO NO NO NO NO NO NO NO' NO NO NO 0,011 0.016 0.012. 0.008 0.007 0.008 0.006 0.005 0.011 0,019 0.0103 

14 NO 0.011 0.011 0.010 0.019 0.018 0.010 0.013 0.010 0.007 0.007 0.005 0.005 0.004 0.009 0.014 0.010 0.012 0.008 0.009 0.012 0.025 0.013 0.018 0.0113 

15 0.020 0.022 0.016 0.014 0.016 0.017 0.015 0~011 0.011 0.012 CAL 0.010 0.009 0.009 0.010 0.010 0.007 0.011 0.010 0.011 0.010 0.012 0,037 0.021 0.0140 

16 NO 0.011 0,009 0.009 0.009 0.007 0.010 0.010 0.010 0.009 0.007 0.006 0.005 0,004 0.0_07 0.006 0.003 0.003 0.003 0.003 0.003 0.004 0.003 0.001 0.0062 

17 NO 0.007 0.010 0.008 0.004 0.002 0.005 0.013 0.011 0.005 0.003 0.004 0.004 0.004 0.003 0.003 "0.002 0.000 0,000 0.001 0.001 0.001 0.000 0.001 0.0040 

18 NO 0.000 0.000 0.000 0,000 0.000 0.000 0.000 0.000 ·0.001 0.002 0,002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.004 0.008 0.005 0.0010 

19 NO 0.007 0.006 0.005 0,004 0.005 0,007 0.003 0.001 0.001 0.001 0.001 0.001 0.002 0.000 0.001 0.001 0.001 0.003 0.001 0.006 0.015 0.007 0.003· 0.0036 

20 0.004 0.002 0.003 0.004 0.004 0.011 0.021 0.040 0.040 0.029 0.012 NO NO NO NO NO NO NO NO NO NO NO NO NO 0.0155 

21 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO "~~**to~r 

22 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO "~~"~~*"lt"lt 

23 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO h~H 

24 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO *""~~"~~* 

25 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO uu1r 

26 NO NO NO NO NO NO NO NO NO 0.018 0.008 0.007 0.003 0.010 0.003 0.002 0.002 0.003 0.005 0.006 0.009 0.009 0.010 0.008 0.0069 

27 NO 0.008 0.005 0.002 0.003 0.004 0.004 0.007 0.009 0.008 0.004 0.004 0.003 0.005 0.004 0.004 0.004 0.004 0.004 0.004 0,003 0.002 0.007 0.005 0.0047 

28 0.004 0.004 0.013 0.013 0 • .009 0.015 0.016 0.004 0.003 NO 0.000 0.000 0.000 0.000 .0.000 0.002 0.000 0.000 0.000 0.000 0.002 0.005 0.007 0.004 0.0044 
29 0.005 0.004 0.002 0.005 0.005 0.009 0.010 0.002 0.000 0.000 0.005 CAL CAL CAL 
M ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

31 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

NO 
ND 

NO 

NO 
NO 
NO 

NO 
ND 

NO 

NO 
NO 
NO 

Ma~imum Hourly Average was 0.072 at Hour 5 on Day 3 with 1 occurences and there were no Hourly Violations 
Maximum Daily Average was 0,0259 on Day 1 with 1 occurcnces and there were no Daily Violations 
Operating Efficiency = 63.7 percent 

NO 
NO 
NO 

NO 
NO 
NO 

NO 
NO 
NO 

NO 
NO 
ND 

NO 
NO 
NO 

NO 0.0043 
NO • .,.,.,., 

NO .,,.,,., 

Monthly Average = 0.0117 

NO= no data, ZS =zero/span, CAL= calibration, IR = repair, RL = 
[CEH 19901 

relocation, OFF= off, AZS =daily zero/span, INS= insufficient dSta 

u 0 
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HEPA · Dammam Industrial Estates 
Hay 1991 

, Hourly Averages for NOx in ppm 

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

Oay r---------------------------------------------------------------------------·----------------------------4 
Daily 
Average 

0.1134 
0.0577 

1 NO 0.045 0,047 0.045 0.021 0.032 0.061 0.074 0.057 0.046 0.055 0.053 0.056 0.062 0.055 0.072 0.124 0.241 0.277 0.275 0.332 0.264 0.206 0.107 
2 0.054 0.056 0.071 0.074 0.052 0.060 0.103 0.070 0.085 0.102 0.060 0.040 0.035 0.030 0.028 0.031 0.052 0.045 0.052 0.053 0.055 0.082 0.067 0.027 
3 NO 0.020 0.018 0.016 0.019 0.021 0.019 0.019 0.024 0.030 0.015 0.015 0.017 0.018 0.017 0.019 0.021 0.040 0.055 0.048 0.050 0.035 0.036 0.029 0.0261 
4 NO 0.014 0.017 0.017 0.021 0.025 0.044 0.068 0.058 0.047 0.050 0.045 0.030 0.030 0.035 0.037 0.035 0.041 0.049 0.052 0.060 0.074 0.093 0.084 0.0446 
5 0.051 0.024 0.024 0.020 0.017 0.02510.050 0.072. 0.057 0.060 0.046 0.034 0.024 NO NO NO NO NO NO NO NO NO NO NO 0.0388 
6 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 0.098 0,075 0.096 0,098 0.0917 
7 NO 0.037 0.036 0.043 0.035 0.046 0.070 0.072 0.075 0.062 0.039 0.033 0.051 0.031 0.033 0.049 0.077 0.069 0.125 0.191 0.148 0.164 0.247 0.078 0.0787 
6 NO 0.047 0.037 0.036 0.026 0.033 0.065 0.072' 0.058 0.043 0.029 0.079 0.027 0.036 0.041 0.045 0.073 0.150 0.129 0.163 0.309 0.469 0.298 0.256 0.1096 
9 NO 0.077 0.035 0.021 0.0310.030 0.060 0.061 0.062 0.071 0.117 0.069 0.051 0.056 0.080 0.059 0.099 0.252 0.449 0.256 0.244 0.244 0.192 0.083 0.1173 

10 NO 0.033 0.026 0.038 0.047 0.040 0.036 0.027 0.019 0.021 0.019 0.014 0.016 0.018 0.015 0.020 0.025 0.032 0.040 0.050 0.072 0.073 0.058 0.042 0.0340 
11 0.031 0.017 0.012 0.016 0.014 0.045 0.051 0.080 0.069 0.060 0.077 0.062 0.046 0.036 0.039 0.049 0.070 0.082 0.110 0.099 0.097 0.112 0.107 0.055 0.0598 
12 0.036 0,034 0.020 0.018 0.015 0.025 0.067 0.075 0.052 0.051 0.040 0.041 0.038 NO NO NO NO NO NO NO NO NO NO NO 0.0395 
13 NO NO NO NO NO NO NO NO NO NO NO NO NO NO 0.033 0.039 0.042 0.047 0.075 0.099 0.095 0.092 0.087 0.112 0.0721 
14 NO 0.047 0.032 0.032 0.049 0.058 0.063 0.081 0.078 0.045 0.031 0.035 0.033 0.040 0.038 0.068 0.069 0.090 0.086 0.133 0.137 0.142 0.181 0.198 0.0768 
15 0.161 0.118 0.073 0.053 0.056 0.064 0.070 0.062 0.048 0.035 0.079 0.035 0.032 0.041 0.055 0.069 0.072 0.090 0.121 0.135 0.101 0.112 0.180 0.235 0.0874 
16 NO 0.142 0.106 0.065 0.067 0.051 0.074 0.081 0.056 0.046 0.042 0.035 0.053 0.070 0.071 0.064 0.109 0.071 0.069 0.053 0.053 0.049 0.027 0.021 0.0641 
17 NO 0.017 0.012 0.011 0.012 0.011 0.020 0.032 0.027 0.023 0.016 0.018 0.019 0.020 0.019 0.022 0.023 0.026 0.028 0.039 0.028 0.029 0.021 0.021 0.0217 
18 NO 0.010 0.008 0.008 0.007 0.011 0.021 0.029 0.028 0.030 0.032 0.028 0.023 0.018 0.020 0.024 0.028 0.039 0.042 0.048 0.048 0.057 0.043 0.044 0.0281 
19 No o.o21 o.016 o.o15 o.o15 o.o2o o.032 o.o38 o.032 o.o35 o.026 o.o31 o.o27 o.o25 o.o23 o.031 o.o47 o.o51 o.o47 o.o59 o.o63 o.o58 o.049 o.041 o.D349 
20 0.039 0.019 0.014 0.012 0.011 0.014 0.044 0.096 0.076 0.048 0.032 NO NO NO NO NO NO NO NO NO NO NO NO NO 0.0366 
21 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO "'"'"'** 
22 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ......... 
23 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO "'"'*** 
24 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO No NO NO NO *"'"'*"' 
25 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***"'* 
26 NO NO NO NO NO NO NO NO NO 0.037 0.023 0.058 0.026 0.034 0.039 0.039 0.060 0.071 0.122 0.134 0.160 0.149 0.152 0.180 
27 NO 0.063 0.032 0.027 0.039 0.063 0.079 0.078 0.055 0.051 0.027 0.023 0.025 0.039 0.035 0.040 0.043 0.065 0.082 0.116 0.127 0.094 0.129 0.129 
28 0.095 0.024 0.018 0.022 0.024 0.017 0.029 0.032 0.031 

0.0856 
0.0635 

NO 0.024 0.032 0.027 0.021 0.023 0.030 0.025 0.031 0.040 0.041 0.036 0.033 0.038 0.029 0.0314 
29 0.020 0.011 0.009 0.009 0.013 0.028 0.046 0.042 0.028 0.022 0.021 0,035 0.043 0.015 0.019 0.032 0.041 0.041 0.042 0.050 0.038 0.045 0.047 0.042 0.0308 
30 0.051 0.027 0.021 0.019 0.019 0.022 0.025 0.028 0.019 0.020 0.020 0.023 0.020 0.019 0.013 0.012 0.021 0.022 0.037 0.035 0.036 0.031 0.034 0.030 0.0252 
31 NO 0.016 0.011 0.009 0.007 0.009 0.012 0.011 0.010 0.010 0.009 0.010 0.010 0.010 0.011 0.013 0.018 0.025 0.039 0.037 0.037 0.044 0.056 0.043 0.0199 
'---- Monthly Average= 
' 
Maximum Hourly Average was 0.469 at Hour 22 on Day 8 with 1 occurences and there were no Hourly Violations 
Maximum Daily Average was 0.1173 on Day 9 with 1 occurences and there were no Daily Violations 
Operating Efficiency = 71.4 percent 
NO= no data, ZS =zero/span, CAL =calibration, 
[CEH 1990] 

IR =repair·, Rl = reloc"•·l_on, OFF= off, AZS =daily zero/span, INS= insufficient data u· 

0.0564 
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MEPA · oammam Industrial Estates 
May 1991 

Hourly Averages for N02 in. ppm 

Hour 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Daily 
Day Average 

u 

1 NO 0.039 0.038 0.032 0.019 0.02S 0.041 0.041 0.036 0.03S 0.043 0.039 0.044 0.04S 0.042 0.049 O.OS8 0.063 0.071 0.071·0.064 O.OS9 0.062 O.OS4 0.046S 
2 0.04S 0.044 0.04S 0.044 0.039 0.039 0.049 0.040 O:OSO 0.06S O.OSO 0.03S 0.031 0.026 0.025 0.028 0.044 o:o38 0.044 0.043 0.042 0.055 0.050 0.02S 0.0415 
3 NO 0.019 0.017 0.015 0.017 0.019 0.017 0.017 0.020 0.02S 0.013 0.013 0.014 0.01S 0.01S 0.017 0.019 0.03S 0.049 0.042 0.045 0.033 0.033 o·.o27 0.0233 
4 NO 0.012 0.016 0.016 0.020 0.021 0.033 0.041 0.039 0.033 0.038 0.036 0.025 0.024 0.028 0.030 0.029 0.034 0.040 0.044 O.OSO O.OS5 O.OS1 0.048 0.0332 
5 0,040 0.018 0.018 0.014 0.012 0,018 0.033 0.039 0.029 0.038 0.031 0.0~4 0 .. 018 NO NO NO NO NO NO NO NO NO NO NO 0.0255 
6 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 0.056 0.056 0.055 0.051 0.0545 
7 NO 0.032 0.030 0.036 0.030 0.037 0.042 0.037 0.044 0.043 0.030 0.024 0.039 0.025 0.027 0.036 0.037 0.046 O.OS6 O.OS9 0.063 0.059 0.059 0.047 0.0408 
8 NO 0.037 0.030 0.029 0.021 0.027 0.043 0.042 0.035 0.029 0.020 0.020 0.022 0.028 0.030 0.036 0.049 0.056 O.OS8 0.057 O.OS1 0.043 O.OS3 0.052 0.0377 
9 NO 0.038 0.028 0.020 0.027 0.021 0.036 0.037 0.038 0.038 O.OSO 0.041 0.032 0.03S 0.043 0.049 O.OS1 O.OS2 O.OS6 O.OS2 0.048 0.052 0.049 0.033 0.0403 

10 NO 0.029 0.02S 0.034 0.040 0.029 0.023 0.017 0.014 0.017 0.01S 0.011 0.013 0.014 0.012 0.01S 0.019 0.024 0.030 0.03S 0.041 0.045 0.047 0.037 0.02SS 
11 0.030 0.016 0.011 0.015 0.013 0.035 0.037 0,,039 0.037 0.035 0.047 0.045 0.036 0.029 0.031 0.037 0.047 0.052 0.054 0.058 0.060 0.058 0.052 0.045 0.0383 
12 0.035 0.032 0.018 0.016 0.013 0,019 0.043 0.045 0.035 0.037 0.031 0,032 0.031 NO NO NO NO NO NO NO ND NO NO NO 0.0298 
13 NO NO . NO NO NO NO NO NO NO NO NO NO NO NO 0.025 0.030 0.032 0.036 0.047 0.053 0.048 0.051 0.052 0.050 0.0424 
14 NO 0.039 0.027 0.024 O.p33 0.03S 0.03S 0.039 0.041 0.029 0.023 0.027 0.02S 0.030 0.028 0.041 0.042 0.045 0.043 0.047 0.047 0.044 0.045 O.OS1 0.036S 
1S 0.049 0.044 0.041 0.037 0.03S 0.036 0.036 0.032 0.030 0.026 0.016 0.029 0.028 0.033 0.04S O.OS6 0.060 0.067 O.OS9 O.OS5 0.048 0.059 0.057 O.OS4 0.0430 
16 NO O.OS9 O.OS8 0.050 0.048 0.038 0.040 0.041 0.035 0.035 0.033 0.029 0.046 0.064 0.06S O.OS9 0.102 0.067 0.062 0.050 0.049 0.041 0.026 0.019 0.048S 
17 NO 0,015 0.010 0,009 0.010 0.008 0.016 0,022 0.021 0.015 0.014 0.014 0,015 0.016 0.016 0.018 Q.020 0.025 0.024 0.029 0.022 0.024 0.017 0.018 0.0173 
18 NO 0.008 0.006 0.006 O.OOS 0.009 0.017 0.022 0.021 0.022 0.024 0.022 0.018 0.014 0.016 0.020 0.024 0.032 0.036 0.041 0.041 0.048 0.039 0.040 0.0231 
19 NO 0.019 0.014 0.013 0.013 0.017 0.026 0.029 0.026 0.026 0.021 0.024 0.021 0.020 0.019 0.024 0.034 0.039 0.039 0.047 0.048 0.049 0.045 0.038 0.0283 
20 0.037 0.017 0.012 0.010 0.009 0.011 0.036 0.047 0.046 0.033 0,025 NO NO NO NO NO NO NO NO NO NO NO NO NO 0.0257 
21 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ••••• 
22 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
23 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
24 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
25 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ••••• 
26 NO NO NO NO NO NO NO NO NO 0.031 0.019 0.044 0.023 0.028 0.032 0.033 0.046 O.OSO 0.057 O.OS8 0.058 O.OS6 O.OSS 0.057 
27 NO 0.043 0.026 0.023 0.031 0.042 0.044 0.039 0.033 0.030 0.018 0.018 0.018 0.033 0.029 0.031 0.03S 0.04S O.OSO 0.048 0.044 0.047 0.049 0.04S 
28 0.036 0.022 0.016 0.020 0.022 0.014 0.022 0.024 0.022 

0.0431 
0.0357 

NO 0.018 0.023 0.020 0.016 0.017 0.023 0.020 0.02S 0.034 0.034 0.031 0.030 0.034 0.027 0.0239 
29 0.018 0.009 0.007 0.008 0.010 0.023 0.032 0.029 0.022 0.017 0.016 0.009 0.010 0.011 0.01S 0.022 0.029 0.031 0.03S 0.040 0.033 0.041 0.040 0.036 0.0226 
30 0.042 0.024 0.018 0.017 0.016 0.018 0.018 0.020 0.015 0.01S 0.01S 0.017 0.015 0.015 0.010 0.009 0.018 0.019 0.031 0.030 0.030 0.027 0.029 0.027 0.0206 
31 NO 0.014 0.009 0.007 O.OOS 0.007 0.009 0.008 0.007 0.007 0.007 0.007 0.007 0.007 0.008 0.010 0.014 0.022 0.033 0.033 0.034 0.039 0.042 0.037 0.0162 

r---------------------·------------------------1 Monthly Average = 0.0325 

Maximum Hourly Average was 0.102 at Hour 17 on Day 16 with 1 occurences and there were no Hourly Violations· 
Haxilllllll Daily Average was 0.0545 on Day 6 with 1 occurences and there were no Daily Violations 
Operating Efficiency = 71.4 percent 
NO= no data, ZS =zero/span, CAL =calibration, IR = repair, 
[CEH 19901 

Rl = relocati.on, OFF= off, AZS =daily zero/spon, INS= insufficient data u 0 
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Hour 2 

HEPA · Dammam Industrial Estates 

-1R1 
Hourly Averages for.NO in ppm 

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 . 21 22 23 24 Daily 
Day Average 

1 NO p.006 0.009 0.013 0.002 0.007 0.020 0.033 0.021 0.012 0.011 0.013 0.012 0.018 0.013 0.023 0.067 0.180 0.208 0.205 0.270 0.206 0.147 0.053 0.0673 
2 0.010 0.013 0.026 0.030 0.013 0.021 0.054 0.030 0.035 0.037 0.010 0.005 o:oo5 0.004 0.003 0.003 0.008 0.007 0.009 0.010 0.013 0.027 0.017 0.002 0.0163 
3 NO 0.001 0.001 0.001 0.002 0.002 0.003 0.003 0.004 0.005 0.002 0.002 0.003 0.003 0.002 0.002 0.002 0.004 0.006 0.006 0.005 0.002 0.003 0.002 0.0029 
4 No o.oo1 o.oo1 o.oo1 o.oo1 o.oo5 o.o11 o.028 o.o19 o.014 o.oB 0.010 o.oo5 o.oo6 o.oo6 o.oo7 o,oo6 o.oo8 o.oo9 o.oo8 o.o1o o.019 o.042 o.037 o.0116 
5 0.010 0.006 0.006 0.007 0.005 0.007 0.017 0.034 0.028 0.022 0.015 0.010 0.006 NO NO NO NO NO NO NO NO NO NO NO· 0.0133 
6 NO ND NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 0.043" 0.020 0.042 0.047 0.0380 
7 NO 0.005 0.006 0.007 0.004 0.009 0.029 0.035 0.032 0.019 U.009 0.009 0.012 0.005 0.006 0.014 0.041 0.023 0.070 0.133 0.086 0.106 0.189 0.031 0.0383 
8 NO 0.009 0.007 0.007 0.005 0.007 0.023 0.031 0.024 0.015 0.009 0.059 0.004 0.008 0.011 0.009 0.025 0.094 0.072 0.107 0.261 0.437 0.246 0.206 0.0729 
9 NO 0.039 0.007 0.001 0.004 0.008 0.024 0.025 0.024 0.033 0.068 0.028 0.020 0.022 0.038 0.010 0.048 0.202 0.402 0.206 0.198 0.193 0.144 0.050 0.0780 

10 NO 0.004 0.002 0.004 0.007 0.011 0.013 0.010 0.005 0.004 0.003 0.003 0.003 0.003 0.003 0.005 0.006 0.008 0.011 0.015 0.031 0.028 0.011 0.005 0.0085 
11 0.001 0.001 0.001 0.001 0.001 0.010 0.015 0.041 0.032 0.026 0.030 0.017 0.010 0.007 0.008 0.012 0.024 0.031 0.057 0.042 0.037 0.055 0.055 0.011 0.0219 
12 0.003 0.002 0.002 0.002 0.002 0.006 0.025 0.031 D.017 0.014 0.009 0.009 0.008 NO NO NO NO NO NO NO NO NO NO NO 0.0100 
13 NO NO NO NO NO NO NO NO NO NO NO NO NO NO 0.007 0.010 0.010 0.012 0.029 0.047 0.046 0.042 0.036 0.063 0.0304 
14 NO 0.008 0.005 0.007 0.017 0.024 0.028 0.043 0.038 0.0"17 0.007 0.008 0.009 0.010 0.010 0.028 0.027 0.046 0.044 0.088 0.090 0.100 0.137 0.149 0.0409 
15 0.113 0.074 0.032 0.016 0.021 0.028 0.034 0.030 0.018 0.010 0.064 0.006 0.005 0.008 0.011 0.014 0.012 0.024. 0,063 0.082 0.054 0.054 0.124 0.182 0.0450 
16 NO 0.084 0.048 0.016 0.021 0.014 0.035 0.041 0.022 0.012 0.009 0.006 0.007 0.006 0.007 0.006 0.008 0.005 0.007 0.003 0.005 0.006 0.002 0.002 0.0163 
17 NO 0.002 0.002 0.002 0.002 0.003 0.005 0.010 0.006 0.008 0.004 0.004 0.004 0.005 0.004 0.004 0.004 0.004 0.004 0.010 0.007 0.006 0.003 0.003 0.0046 
18 NO 0.002 0.002 0.002 0.002 0.003 0.005 0.007 0.007 0.008 0.008 0.007 0.006 0.004 0.004 0.005 0.005 0,008 0.007 0.006 0,007 0.009 0.005 0.004 0.0054 
19 NO 0.002 0.002 0.002 0.002 0.003 0.006 0.009 0.007 0.009 0.006 0.008 0.006 0.005 0.004 0.007 0.013 0.012 0.009 0.013 0.016 0.009 0.005 0.003 0.0069 
20 0.003 0.002 0.002 0.002 0.002 0.003 0.008 0.050 0.031 0.015 0.007 NO NO NO NO NO NO NO NO NO NO NO NO NO 
21 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
22 ~0 NO NO• NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
23 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
24 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
25 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
26 NO NO NO NO NO NO NO NO NO 0.007 0.005 0.014 p.004 0.006 0.007 0.006 0.014 0.021 0.066 0.077 0.103 0.094 0.098 0.124 
27 NO 0.020 0.007 0.004 0.008 0.022 0.036 0.039 0.022 0.021 0.009 0.005 0.007 0.007 0.006 0.009 0.000 0.020 0.032 0.069 0.083 0.048 0.082 0.084 

0.0114 
***** 
***** 
****"' 
***** 
***** 

0.0431 
0.0262. 

28 0.060 0.003 0.002 0.002 0.002 0.003 0.007 0.008 0.008 NO 0.007 0.009 0.008 6.005 0.006 0.007 0.005 0.006 0.007 0.007 0.005 0.004 0.004 0.002 0.0077 
29 0.002 0.002 0.602 0.002 0.003 0.005 0.014 0.013 0.007 0.005 0.005 0.626 0.033 0.004 0.005 0.010 0.012 0.011 0.007 0.010 0.005 0.605 0.007 0.006 0.0064 
30 0.009 0.003 0.004 0.003 0.003 0.064 0.008 0.008 0.005 0.005 0.005 0.606 0.005 0.005 0.003 0.003 0.004 0.004 0.006 0.005 0.006 0.004 0.604 0.003 6.6048 
31 NO 0.602 0.002 0.002 0.002 0.002 0.003 0.003 0.003 0.003 0.002 0.003 0.003 0.003 0.003 0.003 6.005 0.004 0.007 0.005 0.004 0.005 0.014 0.007 0.0039 
1--~~~~~~~~~~~~~~~~~~--------------------------l Monthly Average = 0.0243 

Maximum Hourly Average was 0.437 at Hour 22 on Day 8 with 1 occurences and there were no Hourly Violations 
Haxfmum Daily Average was 0.0780 on Day 9 with 1 occurences and there were no Daily Violations 
Operating Efficiency = 71.4 percent 
NO= no data, ZS = zero/span, CAL= calibration, 
[CEH 1990] 

IR =repair, Rl = relocat.ion, OFF= off, AZS =daily zero/span, u INS = insufficient data 
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Hour 2 

MEPA - Danmam I'ndustrial Estates 
Hay 1991 

Hourly Averages for NH3 in ppm 

3 4 5 6 7 8 9 10 11 12 13 14 ' 15 16 17 18 19 20 21 22 23 24 Daily 
Day Average 

1 0.063 0.045 0.041 0.046 0.021 0.026 0.053 0.070 0.062 0.049 0.050 0.052 0.050 0.059 0.052 0.062 0.105 0.184 0.281 0.252 0.302 0.275 0.206 0.135 0.1059 
2 0.047 0.047 0.062 0.071 0.049 0.050 0.096 0.064 0.078 0.089 0.059 0.036 0.030 0.024 0.021 0.020 0.035 0.036 0.041 0.040 0.043 0.059 0.058 0.028 0.0493 
3 0.017 0.015 0.015 0.013 0.015 0.019 0.018 0.017 0.020 0.022 0.013 0.013 0.015 0.016 0.014 0.015 0.016 0.028 0.049 0.044 0.044 0.033 0.032 0.025 0.0220 
4 0.018 0.012·0.012 0.014 0.016 0.018 0.031 0.057 0.054 0.043 0.044 0.042 0.026 0.025 0.028 0.030 0.028 0.034 0.038 0.041 0.050 0.057 0.076 0 •. 066 0.0358 
5 0.037 0.023 0.021 0.016 0.014 0.017 0.037 0.065 0.065 0.051 0.047 0,033 0.021 NO NO NO NO NO NO NO NO NO NO NO 0.0344 
6 NO NO NO NO NO N~ NO NO NO NO NO NO NO NO NO NO NO NO NO NO 0.082 0.061 0.066 0.090 0.0748 
7 0.032 0.026 0.028 0.033 0.031 0.038 0.059 0.064 0.067 0.061 0.040 0.026 0.037 0.023 0.019 0.025 0.036 0.044 0.083 0.144 0.134 0.126 0.194 0.101 0.0613 
8 0.036 0.035 0.034 0.025 0.026 0.023 0.051 0.059 0.052 0.041 0.042 0.045 0.020 0.025 0.026 0.026 0.038 0.087 0.112 0.118 0.193 0.420 0.330 0.257 0.0884 
9 0.199 0.101 0.047 0.025 0.026 0.029 0.049 0.054 0.055 0.059 0.087 0.065 0.043 0.042 0.058 0.047 0.062 0.143 0.346 0.327 0.228 0.237 0.206 0.119 0.1106 

10 0.058 0.040 0.030 0.032 0.042 0.040 0.037 0.031 0.022 0.020 0.019 0.015 0.014 0.016 0.016 0.017 0.020 0.025 0.032 0.039 0.057 0.067 0.054 0.048 0.0330 
11 0.030 0.021 0.018 0.017 0.015 0.033 0.042 0.062 0.069 0.062 0.066 0.055 0.039 0.030 0.028 0.031 0.044 0.065 0.079 0.088 0.083 0.079 0.097 0.057 0.0504 
12 0.040 0.035 0.023 0.019 0.016 0.017 0.045 0.062 0.050 0.036 0.033 0.027 0.024 NO NO NO NO NO NO NO NO NO NO NO 0.0328 
13 NO NO NO NO NO NO NO NO NO NO NO, NO NO NO 0. 014 0. 017 0. 018 0. 022 0. 043 0. 062 0. 075 0. 070 0. 072 0. 083 0. 04 'r6 
14 0.091 0.052 0.034 0.028 0.042 0.044 0.056 0.065 0.066 0.050 0.029 0.025 0.020 0.022 0.'023 0.041 0.048 0.064 0.074 0.088 0.120 0.113 0.154 0.167 0.0632 
15 0.148 0.-113 0.078 0.053 0.046 0.054 0.064 0.059 0.048 0.041 0.033 0.027 0.022 0.025 0.027 0.033 0.037 0.045 0.082 0.101 0.065 0.079 0.120 0.199 0.0675 
16 0.157 0.119 0.089 0.053 0.038 0.039 0.060 0.065 0.054 0.039 0.034 0.024 0.032 0.026 0.024 0.019 0.023 0.017 0.020 0.019 0.021 0.025 0.011 0.009 0.0424 
17 0.009 0.008 0.006 0.006 0.006 0.007 0.011 0.022 0.019 0.017 0.012 0.011 0.009 0.010 0.008 0.009 0.012 0.016 0.016 0.023 0.020 0.018 0.015 0.015 0.0127 
18 0.009 0.008 0.006 0.006 0.005 0.008 0.014 0.022 0.022 0.024 0.026 0.023 0.020 0.016 0.017 0.019 0.023 0.032 0.034 0.038 0.041 0.046 0.037 0.039 0.0223 
19 0.024 0.016 0.014 0.014 0.013 0.015 0.023 0.030 0.027 0.028 0.023 0.027 0.024 0.022 0.020 0.024 0.035 0.038 0.039 0.044 0.058 0.046 0.045 0.036 0.0286 
20 0.021 o.019 o.ot4 0.011 0.010 o.013 o.o29 o.077 o.o67 o.042 o.o24 o.o3o o.o26 0.022 o.o19 o.o26 o.037 o.o43 o.o6a o.o8o o.o7o o.o45 o.043 o.o39 o.o368 
21 0.027 0.026 0.033 0.027 0.020 0.027 0.059 0.087 0.066 0.050 0.034 0.026 0.023 0.020 0.018 0.020 0.022 0.029 0.044 0.055 0.057 0.041 0.082 0.108 0.0417 
22 0.025 0.014 0.020 0.019 0.027 0.035 0.051 0.061 0.040 0.034 0.043 0.025 0.022 0.019 0.018 0.017 0.027 0.024 0.023 0.022 0.023 0.020 0.018 0.018 0.0269 
23 0.014 0.009 0.008 0.008 0.008 0.009 0.012 0.016 0.017 0.019 0.020 0.023 0.020 0.020 0.017 0.016 0.021 0.022 0.024 0.029 0.035 0.033 0.035 0.035 0.0196 
24 0.028 0.021 0.016 0.012 0.013 0.013 0.018 0.021 0.024 0.021 0.014 0.012 0.011 0.010 0.010 0.011 0.013 0.015 0.019 0.018 0.022 0.022 0.021 0.021 0.0169 
25 0.021 0.015 0.012 0.012 0.013 0.015 0.035 0.055 0.045 0.027 0.026 0.028 0.024 0.030 0.017 0.015 0.018 0.023 0.022 0.033 0.039 0.049 0.035 0.034 0.0268 
26 0.021 0.018 0.016 0.016 0.018 0.018 0.033 0.065 0.051 0.017 0.014 0.014 0.016 0.017 0.012 0.014 0.021 0.029 0.066 0.090 0.110 o. 106 0.117 0.136 0.0431 
27 0.073 0.043 0.020 0.014 0.022 0.031 0.051 0.052 0.036 0.039 0.027 0.024 0.014 0.013 0.009 0.010 0.011 0.024 0.040 0.071 0.096 0.073 0.077 0.121 0.0413 
28 0.047 0.018 0.013 0.013 0.014 0.008 0.012 0.016 0.016 NO 0.028 0.019 0.018 0.016 0.020 0.015 0.015 0.017 0.020 0.021 0.019 0.018 0.029 0.017 0.0183 
29 0.010 0.007 0.005 0.005 0.007 0.012 0.023 0.027 0.017 0.013 0.013 0.015 0.021 0.015 0,013 0.020 0.027 0.032 0.031 0.037 0.036 0.035 0.038 0.039 0.0207 
30 0.044 0.035 0.022 0.020 0.022 0.020 0.021 0.022 0.018 0.0.17 0.017 0.019 0.019 0.017 0.014 0.014 0.016 0.022 0.027 0.028 0.029 0.027 0.026 0.025 0.0225 
31 0.020 0.015 0.013 0.012.0.011 0.010 0.012 0.012 0.011 0.010 0.010 0.011 0.012 0.012 0.012 0.013 0.015 0.020 0.028 0.029 0.029 0.034 0.042 0.043 0.0162 

f---------------------------------------------4 Monthly Average = 0.0417 

Maximum Hourly Average was 0.420 at Hour 22 on Day 8 with 1 occurences and there were no Hourly Violations 
Maximum Daily Average was 0.1106 on Day 9 with 1 occurenccs and there were no Daily Violations 
Operating Efficiency = 92.3 percent 
NO= no data, ZS =zero/span, CAL= calibration, IR = repair, RL = 
{CEM 1990] 

relocaf_;..,n, OFF = off, AZS = daily zero/span, 

l) 
INS = insufficient data 
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u 

Hour 2 

HEPA · Dammam Industrial Estates 
Hay 1991 

Hourly ,Averages for 03 in ppm 

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Daily 
Day Average 

1 NO 0.002 0.003 0.006 0.014 0.013 0.005 0.007 0,015 0.019 0.017 0.013 0,010 0.008 0.012 0.007 0.002 0.001 0.002 0.006 0.006 0.007 0.006 0,002 0.0080 
2 0.001 0.001 0.001 0.001 0.002 0.002 0.004 0.005 0.007 0.010 0.024 0.036 0.034 0.036 0.050 0.039 0.020 0.015 0.009 0.008 0.006 0.005 0.005 0.011 0.0138 
3 N0'0.012 0.013 0.014 0.016 0.017 0.019 0.021 ~.021 0.017 0.031 0.032 0.032 0.031 0.029 0.028 0.026 0.014 0.005 0.008 0.007 0.015 0.015 0.018 0.0192 
4 NO 0.025 0.021 0.021 0.017 0.016 0.007 0.004 0.008 0.014 0.014 0.019 0.026 0.023 0.021 0.021 0.021 0.018 0.012 0.010 0.006 0.002 0.001 0.003 0.0143 
5 0.005 0.023 0.023 0.026 0.025 0.019 0.008 0.002 0.007 0.011 0.017 0.026 0 . .032 NO NO NO NO NO NO · NO NO NO NO NO 0.0172 
6 NO NO. NO NO NO NO NO NO NO NO• NO NO NO NO NO NO NO NO NO NO 0.001 0.007 0,004 0.003 0.0038 
7 NO 0.008 0.012 0.008 0.015 0.009 0.003 0.005 0.009 0.017 0.024 0.026 0.025 0.029 0.023 0.018 0.013 0.006 0.001 0.001 0.004 0.002 0.001 0.006 0.0115 
~ NO 0.008 0.014 0.014 0.017 0.014 0.007 0.010 0.016 0.023 CAL CAL 0.033 0.025 0.021 0.018 0.006 0.001 0.002 0.002 0.004 0.002 0.008 0.003 0.0118 
9 NO 0.001 0.005 0.011 0.007 0.007 0.002 0.002 0.004 0.004 0.003 0.007 0.007 0.005 0.004 0.014 0.002 0.001 0.002 0.002 0.001 0.002 0.001 0.001 0.0041 

10 NO 0.003 0.005 0.003 0.001 0.004 O.Oq6 0.013 0.016 0.017 0.019 0.021 0.021 0.019 0.019 0.016 0.013 0.011 0.008 0.003 0.002 0.001 0.003 0.011 0.0102 
11 0.013 0.020 0.023 0.014 0.017 0.005 0.005 0.003 0.006 0.007 0.008 0.014 0.018 0.022 0.019 0.015 0.008 0.005 0.002 0.001 0.002 0.001 0.001 0.003 0.0097 
12 0.009 0.012 0.021 0.021 0.022 0.018 0.006 0~007 0.015 0.019 0.024 0.024 0.025 
13 NO NO NO NO NO NO NO NO NO NO NO NO NO 

NO NO 00 ~ NO NO ~D NO NO NO NO 0.0172 
NO 0.021 0.015 0.013 0.011 0.004 0.003 0.001 0.001 0.002 0.001 0.0072 

14 NO 0,002 0,006 0.007 0.003 0.003 0.003 0.004 0.005 0.013 0.022 0.021 0.019 0.013 0,017 0.004 0.003 0.002 0.003 0.004 0.004 0.002 0.001 0.001 0.0070 
15 0.001 0.001 0.001 0.002 0.002 0.002 0.002 0.005 0.011 0.014 CAL 0.023 0.023 0.022 0.015 0.013 0.013 0.006 0.003 0.002 0.004 0.005 0.002 0.001 0.0075 
16 NO 0.001 0.001 0.002 0.001 0.003 0.004 0.005 0.012 0.018 0.026 0.032 0.038 0.041 0.036 0.029 0.025 0.027 0.028 0.021 0.012 0.011 0.018 0.022 0.0180 
17 NO 0.022 0.025 0.024 0.026 0.027 0~021 0.015 0.012 0.023 0.025 0.027 0.029 0.027 0.032 0.035 0.033 0.029 0.027 0.015 0.016 0.014 0:022 0.021 0.0238 
1a NO o.031 o.o31 o.032 o.034 o.o3t o.o25 o.o24 o.o24 o.o24 o.o26 o.o2a o.o25 o.o21 o.o26 o.023 o.023 o.ot6 o.o14 o.o1o o.o1o o.oo6 0.011 o.ooa 0.0221 
19 NO 0.022 0.024 0.025 0.026 0.025 0.020 0.020 0.025 0.026 0.027 0.023 0.026 0.028 0.028 0.023 0.017 0.013 0.013 0.006 0.008 0.005 0.006 0.009 0.0193 
20 0.012 0.022 0.026 0.026 0.028 0.026 0.012 0.002 0.005 0.016 0.024 NO NO NO NO NO NO NO NO NO NO NO NO NO 0.0183 
21 NO NO " NO NO NO NO NO . NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
22 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
23 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
24 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
25 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
26 NO NO NO NO NO NO NO NO NO 0.031 0.034 0.020 0.026 0.022 0.020 0.020 0.010 0.007 0.002 0.001 0.001 0.001 0.001 0,001 
27 NO 0,004 0,012 0,013 0.008 0.004 0.003 0.005 0.011 0,016 0,028 0.034 0.035 0,036 0.028 0.019 0.018 0,007 0.003 0.001 0,001 0.001 O.Q02 0.001 
28 o.oo1 o.o13 o.o21 o.o16 o.o12 o.o16 o.o13 o.o15 o.o17 

0.0131 
0.0126 

NO 0.024 0.021 0.022 0,025 0.024 0.020 0.022 0.017 0.012 0.011 0,013 0.014 0.011 0,015 0.0163 
29 0.022 0.026 0.026 0.026 0.025 0.013 0.009 0.014 0.023 0.026 0.029 CAL CAL CAL 0.024 0.017 0.013 0.012 0.010 0.005 0.011 0.010 0.005 0.006 0.0169 
30 0.004 ·0.015 0.016 0.017 0.018 0.018 0.019 0.019 0.026 0.026 0.026 0.025 0.026 0.026 0.027 0.027 0.020 0.016 0.012 0.010 0.009 0.012 0.011 0.012 0.0182 
31 NO 0.020 0.023 0.025 0,026 0,025 0.023 0.025 0.026 0.028 0.029 0.033 0,032 0.031 0.031 0.029 0.025 0.018 0.010 0.011 0.011 0,007 0.003 0.006 0.0216 

Maximum Hourly Average was 0.050 at Hour 15 on Day 2 with 1 occurences and there were no Hourly Violations 
Maximum Daily Average was 0.0238 on Day 17 with 1 occurences and there were no Daily Violations 
Operating Efficiency = 71.4 percent 
NO= no data, ZS = zero/spon, CAL= calibration, IR = repair, RL = 
(CEH 1990] 

retocat.ion, OFF= off, AZS =daily zero/span, 

(J 

Monthly Average = 0.0143 

INS = insufficient data r··- ", 
u 



0 u 0 

DAMMAM INDUSTRIAL ESTATES 
Hourly 03 - May, 1 9 9 1 

0.25-.--~--------------,-------------, 

E 0.2 
0. 
-8: § 0. 15-1 ~EPA 1 hOlr slondord 

co ..... 
c 0.1 
Q) 
(.) 
c 
0 
() 0.05 

0 i~ullllhiJumllliRtRIIIH~niiiiRn!imri~IMIIIIIRt~lmltltmimtbi'ID 
1 3 5 7 -

.lli:'--=.1 
~llllnmJHIIRil MNQIII ftllllfD111111111111miUIIdliii~IJIIUffiiliQHI!IliOliUIIllllllllldiiH IPUIIIIIItalll!II~DIIIIHIIOIIIIIIDIIIIHIIIIIBdHII 

- 15 17 19 .21 23 25 27 29 31 
DATE 

I o3 I 



. DAMMAM INDUSTRIAL ESTATES 
Diurnal 03 - May, 1 9 9 1 

0.1--.--------------------,-------'-------, 

.--. 
E 0.075 
Q.. 
Q.. 

'--" 

c 
0 
a; o.o5 .... 
+-' c 
Q) 
C,) 

c 
8 0.025 

a~~~~~~~~~~~~~~~~~~~~~ 

u 

1 3 5 7 9 11 13 15 17 19 21 23 
· Hour of Day 

I o3 I 

(j u 



0 

r·~·-- ~-

Hour 

:·· 

MEPA · Oammam Industrial Estates 
May 1991 

Hourly Averages for Carbon Monoxide in ppm 

2 3 4 5 6 7 8 9 10 11 

0 0 

12 13 14 15 16 17 18 19 20 21 22 23 24 Oai ly 
Day Average 

NO 0.6. 0.4 0.3 0.2 0.2 0.6 0.7 0.6 0.7 1.1 1.0 1.1 0.8 0.8 1.3 2.0 3.4 3.7 3.9 4.1 3.3 2.3 1.1 1.49 

2 0.4 0.4 0.4 0.4 0.2 0.3 0.6 0.6 1.1 1.5 1.0 0.7 0.4 0.3 0.3 0.4 0.8 0.9 0.9 1.0 1.1 1.4 1.2 0.6 0. 70 

3 NO 0.4 0.4 0.4 0.4 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.1 0.2 0.2 0.3 0.4 0.5 0.7 0.7 0.6 0.5 0.3 0.35 

4 NO 0.1 0.1 0.0 0.1 0.2 0.6 1.0 0.7 0. 7 0.6 0.5 0.4 0.5 0.6 0. 7 0. 7 0. 7 0.8 0.8 0.8 1.2 0.8 0.4 0.57 

5 0.1 0.0 0.0 0.0 0.0 0.0 0.5 0.6 0.2 0,4 0.5 0.4 0.2 NO NO NO NO NO NO NO NO NO NO NO 0.22 

6 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 1.3 0.8 1.2 1.1 1.10 

7 NO 0.3 0.3 0.2 0.2 0.2 0.3 0.4 0.6 0.4 0.3 0.3 0.5 0.4 0.5 0.7 1.1 1.0 1.8 2.3 1.6 2.9 3.7 0.7 0.90 

6 NO 0.0 0.0 0.0 0.0 0.0 0.3 0.3 
9 NO 1.0 0.6 0.5 0.7 0.7 0.9 0.9 

10 NO 0.6 0.6 0.5 0.6 0.6 0.6 0.6 

11 1.0 0.7 0.6 0.6 0.6 0.8 0.9 1.4 

12 0.6 0.6 0.5 0.5 0.5 0.6 1.1 1.0 
13 NO NO NO NO NO NO NO NO 

14 NO 0.8 0.7 0.6 0.6 0.7 1.0 1.3 

15 1.7 1.1 0.8 0.6 0.5 0.6 0.7 0.8 
16 NO 1.6 1.5 1.0 0.8 0.8 1.0 1.2 
17 NO 0,6 0.5 0.4 0.4 0.4 0.5 0.6 
18 NO 0.3 0.3 0.3 0.4 0.4 0.6 0.8 
19 NO 0.3 0.3 0.3 0.3 0.4 0.7 1.0 
20 0.5 0.2 0.1 0.1 0.1 0.3 0.7 1.5 
21 ~ ~ ~ ~ ~ ~ ~ ~ 

~ ~ ~ ~ ~ ~ ~ ~ ~ 

23 NO NO NO NO NO ~ NO NO 
24 NO NO NO NO NO ~ NO NO 
~ ~ ~ ~ ~ ~ ~ ~ ~ 

u ~ ~ ~ ~ ~ ~ ~ ~ 

27 NO 0.4 0.0 0.1 0.0 0.2 0.3 0.5 

28 1.1 0.2 0.1 0.1 0.1 0.3 0.6 0.8 
29 0.2 0.0 0.1 0.1 0.1 0.4 0.8 0.8 
30 1.1 0.7 0.5 0.5 0.6 0.6 0.7 1.0 
31 NO 0,6 0.5 0.5 0.5 0.5 0.5 0.6 

0.2 ·0.2 CAL CAL 1.0 

0.9 1.2 2.4 1.7 1.1 

0.6 0.7 0.7 0.8 0.9 

1.0 1.1 1.4 1.4 1.2 

q.9 1.1 1.0 1.0 1.0 

NO NO NO NO NO 

1.2 0.9 0.9 0.9 0.9 
0.7 0.7 CAL 1.0 1.1 

1.0 0.9 0.9 0.8 1.0 

0.4 0.5 0.6 0.6 0.7 
0.8 0.8 0.8 0.7 0.7 
0.8 0.6 0.6 0. 7 0.6 

1.2 0.9 0.8 NO NO 

NO NO NO NO NO 

NO NO NO NO NO 

NO NO NO NO NO 

NO NO NO NO NO 

NO NO NO NO NO 

NO 0.7 0.5 1.0 0.5 

0.4 0.5 0.4 0.4 0.4 

0.8 NO 0.4 0.7 0.7 

0.6 0.4 0.5 CAL CAL 

0.9 0.9 1.0 0.9 0.8 
0.6. 0.6 0.6 0.6 0.7 

1.0 

1.2 

0.8 

1.0 

NO 
NO 

1.0 

1.1 

1.0 
0.8 
0.6 

0.6 
NO 
NO 
NO 
NO 
NO 
NO 

0.6 

0.7 

0.5 
CAL 
0.8 
0.6 

1.0 1.3 1. 7 2.9 

1.3 1.3 1.9 3.9 

0.7 0.8 0.9 1.0 

1.1 1.4 1.6 1.7 

NO NO NO NO 

1.0 1.1 1.1 1.3 
1.0 1.2 1.2 1.4 

1.3 1.4 1.5 1.4 

0.9 0.8 0.9 0.9 
0.9 0.9 0.8 0.9 

0.6 0.7 0.7 0.8 
0.5 0.7 0.9 0.9 

NO NO NO NO 

NO NO. NO NO 

NO NO NO NO 

NO NO NO NO 

NO NO NO NO 

.NO NO NO NO 

0.9 0.8 1.1 1.2 

0.5 0.5 0.7 0.9 

0.6 0.6 0.5 0.5 

0.9 1.1 1.2 1.2 
o. 7 o. 7 o. a o. 8 

0.6 0.7 0.7 0.8 

3.0 

7.2 

1.1 

2.2 

NO 
1.7 
1.3 

1.7 

1.0 
0.8 
0.9 

0.9 
NO 
NO 
NO 
NO 
NO 
NO 

1.8 

1.1 

0.6 
1.3 

1. 1 

1.0 

3.2 
5.6 

1.3 

2.0 

~ 

2.0 
1.8 

1.9 

1.2 
0.8 

0.9 

1..1 
NO 
NO 
NO 
NO 
NO 
NO 

1.8 

1.8 

0.6 

1.5 

1. 0 

0.9 

4.7 

5.5 

1.6 

2.1 

NO 
1.8 

1.6 

1.7 

1.4 
0.7 
0.9 

1.4 
NO 
NO 
NO 
NO 
NO 
NO 

1.9 

1.9 

0.5 

1.3 
0.9 

1.0 

7.1 4.5 

4.4 2.5 

1. 7 1.4 

2.3 1.4 

NO NO 

1. 7 1.5 
1.8 2.1 

1.6 2.4 

1.1 0.9 
0.7 0.5 

1.1 0.9 
1.1 0. 7 

NO NO 

NO NO 
NO NO 

NO NO 

NO NO 

NO NO 

2.0 2.9 

1.3 2.3 

0.4 0.5 

1.4 1.3 
0.8 0.8 

1.0 1.1 

4.6 

1.1 

1.3 
0.7 

NO 
1.8 

1.9 
2.5 

0.7 
0.5 
0.6 

0.5 

NO 
NO 
NO 
NO 
NO 
NO 

2.8 
2.0 

0.3 
0.9 

0.8 

0.8 

Monthly Average = 

Haxi11011 Hourly Average was 7.2 at Hour 19 on Day 9 with 1 occurences and there were no Hourly Violations 

Haxinon Daily Average was 2.11 on Day 9 with 1 occurences and there were no Daily Violations 

Operating Efficiency = 71.4 percent 
NO= no data, zs =zero/span, CAL= calibration, IR = repair, RL =relocation, OFF= off, AZS =daily zero/span, INS= insufficient data 

(CEH 19901 

1.76 
2. 11 

0.89 

1.26 

O.BO 
1.50 

1.17 
1.25 
1.01 
0.63 
0.68 
0.69 
0.58 

***** 
***** 
***** ...... 
***** 

1.37 
0.75 

0.50 

0.77 

0.61 
0.70 

0.94 
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Hour 2 

~ - -
MEPA - Kuwait 

April 1991 

-
Hourly Averages for Direction(degrees) 

3 4 5 6 7 8 

- - L.L. 

9 10 11 12 13 

,. 

- - - - - - -0 - _..__ 

14 15 16 17 18 19 20 21 22 23 24 Daily 
Day Average 

1 ** ** •• ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** *** 
2 ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** *** 
3 
4 

5 
6 
7 

8 

9 
10 

11 
12 

13 
14 

15 

•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 

•• 
•• 
•• 
•• 
':* 

•• .. 
•• 
•• 
•• 
•• 
•• 
•• 

•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 

16 ** ** ** 
17 ** ** ** 
18 277 331 351 
19 188 313 294 

20 332 336 311 

21 286 293 315 
22 272 268 262 

23 314 304 305 

24 294 282 272 
25 250 256 241 

• • .. •• 
•• •• •• 
•• •• •• 
•• •• •• 
•• •• •• 
•• •• •• 
•• •• •• 
•• •• •• 
•• •• •• 
•• •• •• 
•• •• .. 
•• •• .. 
•• •• •• 
** ** ** 
** ** ** 
19 32 54 

289 . 297 319 

331 303 310 

307 301 318 
258 260 269 

315 308 308 

271 265 270 

245 254 242 
26 201 206 221 257 270 259 
27 332 331 336 344 356 351 

28 307 316 317 318 327 325 
29 311 309 318 313 310 310 
30 265 269 270 263 264 265 

** ** 
** ** 
** ** 
** ** 

' ** '-"** 

** ** 
** ** 
** ** 
** ** 
** ** 
•* ** 
** ** 
** ** 

•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 

** ** •• 
•• 148 144 

58 59 69 

248 256 0 

327 321 330 
291 290 304 

283 272 274 

322 325 335 
272 275 319 

235 231 227 

261 291 302 
338 334 338 
327 327 325 
315 312 330 
263 276 301 

Operating Efficiency for Uind Direction = 45.7 percent 
last Instrument Calibration Date- un~nown 

[CEMJ 

•• •• •• ** ** •• 
• • •• •• ** ** .. 
•• •• •• ••. ** •• 
•• •• •• ** ** •• 
•• •• •• ** ** •• 
• • .. •• ** ** •• 
•• •• •• ** ** •• 
•• •• •• ** ** •• 
•• •• •• ** ** •• 
•• •• •• ** ** •• 
•• •• •• ** ** •• .. •• •• ** ** •• 
•• •• •• ** •• •• 
** ** ** ** ** ** 

0 129 110 119 
58 59 56 71 

0 333 322 6 
341 326 349 336 

0 317 338 338 

308 308 313 328 
0 2 345 337 

7 8 22 21 

109 109 112 112 

0 312 
334 337 

0 327 

322 . 315 
3iO 311 

314 
334 

329 
307 
321 

316 
341 

335 
321 

0 

113 133 

83 30 
22 18 

6 35 
340 339 

34 355 
341 338 

38 64 
113 104 

315 
348 

0 
321 

26 

324 

342 
333 

321 
44 

** = missing or no data 

•• •• 
•• •• .. •• 
•• •• 
•• •• 
•• •• 
•• •• 
•• •• 
•• •• 
•• •• 
•• •• 
•• •• 
•• •• 
** ** 

146 156 

20 79 
17 19 

55 47 

350 12 
336 340 

341 349 

85 125 
117 137 

326 
340 
333 
320 

36 

332 
341 
331 

320 
61 

•• •• 
•• •• 
•• •• 
•• •• 
•• •• 
•• •• 
•• •• 
•• •• 
•• .. 
•• •• 
•• •• 
•• •• 
•• •• 
** ** 

149 153 
259 50 

91 110 

7 5 
13 14 

338 351 
348 334 

138 143 
141 115 

•• •• • • •• 
•• •• • • •• 
• • •• •• •• 
•• • • •• •• 
•• •• • • • • .. •• • • •• 
• • •• • • •• 
•• •• • • •• .. •• •• •• 
•• •• • • •• 
•• •• •• •• 
•• •• • • •• 
•• •• •• •• 
** ** ** ** 

155 154 157 164 

173 7 5 152 
181 277 303 330 

5 355 325 299 
12 359 330 304 

4 4 354 337 

313 314 305 304 
152 165 168 185 

139 143 155 169 

346 
343 

0 

316 
36 

335 342 
337 333 
328 279 

301 303 
316 331 

336 
334 
274 

293 
330 

332 
330 
312 

15 
306 

331 
326 
322 

252 
288 

•• ... 
•• . .. 
• • • •• 
•• • •• 
•• .. . 
•• • •• 
•• .. . 
•• • •• 
•• .. . 
•• • •• 
• • • •• 
•• • •• 
•• .. . 
** *** 

161 141.03 

200 44.28 
340 328.09 

297 340.81 
286 327.10 

332 314.01 
294 325.79 

226 269.60 
192. 168.89 

330 305.68 

316 337.34 
326 325.14 
261 311.68 
280 310.43 

Monthly Average = 325 



Hour 

MEPA - Kuwait 
April 1991 

Hourly Averages for Yind Speed(meters/sec) 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Daily 
Day Average 

1 

2 

** •• •• ** •• •• ** ** ** ** ** •• •• •• ** ** ** ** ** ** ** ** ** ** •••• 

** 
3 ** 
4 ** 
5 ** 
6 ** 
7 ** 
8 ** 
9 ** 

10 ** 
11 ** 
12 .. 

13 .. 

14 •• 

15 ** 
16 ** 
17 ** 
18 1.2 
19 2.2 
20 2.2 
21 2.0 
22 2.2 
23 2.4 
24 2.4 
25 3.2 
26 2.8 
27 4.1 
28 6.1 
29 3.5 
30 2.5 

** ** 
** ** 
** ** 
••. ** 

** ** 
** ** 
** ** 

** ** 
** ** 
** ** 
** ** 

** ** 
** ** 
** ** 

** ** 
** ** 

2.5 4.3 
4.0 2.0 
2.1 2.1 
1.9 1.2 
2.3 2.9 
3.4 2.9 
2. 7 2.3 
3.8 4.9 
2.3 1.8 
3.5 3.9 
4.7 4.1 
4.5 3.5 
2.5 2.5 

** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 

6.0 
2.9 
2.1 
1.7 
3.2 
3.4 
2.8 
3.7 
2.4 
4.4 

3.8 
3.7 
2.7 

** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 

•• < 
1: 
** 
** 
** 

4.8 
1.6 
3.0 
2.1 
3.4 
3.4 
3.0 
3.4 
3.6 
4.8 
4.5 
4.2 
2.9 

** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 

5.6 
0.5 
2.6 
1.6 
3.4 
2.6 
3.0 
4.0 
3. 7 

3.6 
4.6 
3.7 
3.2 

** 
** 
** 
** 
** 
** 
** 
** 
•• 
** 
•• 
** 
** 
** 
** 
** 

4.7 
1.3 
1.9 
2.3 
2.7 
2.7 
3.0 
3.8 
3.2 
3.3 
5.8 
3.5 
3.7 

** ** 
** ** 
** ** 
** ** 

** ** 
**' •• 
** •• 
** •• 

** ** 
** ** 

** •• 
** ** 
** ** 
** ** 
** ** 

4.6 5.0 
3.0 3.1 
4.6 0.0 
1.0 2.0 
2.8 3.3 

3.3 4.5 
3.3 3.6 
3.0 1.9 
3.4 2.1 
4.6 4.0 
3.6 4.8 
6.4 6.4 
4.4 3.9 
3.1 3.6 

** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 

0.0 
4.0 
o.o 
2.0 
0.0 
3.5 
o.o 
3.1 
1.0 
0.0 
4.9 
0.0 
4.4 
3.0 

** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 

2.7 
4.3 
2.8 
1.9 
4.5 
4.5 
3.9 
3.9 
1.3 
4.8 
4.7 
6.9 
5.3 
2.7 

** 
** 
** 
** 
** 
** 
** 

•• 
** 
** 
** 
** 
** 
** 
** 

2.3 
3.9 
2.4 
2.8 
3.9 
6.1 
5.0 
4.5 
2.1 
5.3 
6.3 
6.7 
6.1 
2.4 

Maximum Hourly Average Yind Speed was 7.3 meters/sec at Hour 15 on Day 28 
Maximum Daily Average Yind Speed was 4.72 meters/seC on Day 27 

** 
** 
** 
** 
** 

•• 
** 
** 

•• 
** 
** 
** 
** 
** 
** 

1.7 
2.3 
2.4 
2.7 
3.7 
4.9 
5.7 
3.6 
3.4 
5.6 
5.3 
7.2 
5.3 
0.0 

** 
** 
** 
** 
** 
** 
** 
** 

•• 
** 
** 
** 
** 
** 
** 

2.6 
1.3 
3.9 
3.3 
4.0 
4.0 
6.0 
3.9 
4. 1 

6.4 
5. 1 

0.0 
5.3 
3.0 

Operating Efficiency for Yind Speed = 45.7 percent 
Last Instrument Calibration Date- unknown 

** = missing or no data 

(CEMl 

u u 

** ** 
** ** 
** ** 
** ** 
** ** 
•• ** 

** ** 

** ** 
** •• 
** •• 

** ** 
** ** 
•• ** 

** •• 
** ** 

4.7 4.1 
1.5 1.4 
4.4 4.4 
3.5 3.0 
3.8 3.5 
3.9 5.0 
6.3 5.2 
4.5 3.9 
2.7 3.5 
5.4. 6.0 
5. 7 5.9 
7.3 5.8 
5.6 5.2 
2.8 2.1 

** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 

1,.7 

1.9 
3.2 
1.8 
4.7 
4.9 
4.3 
4.2 
3.6 
5.0 
5.6 
5.6 
5.6 
0.2 

** 
** 
** 
** 
** 
** 
** 
** 
** 
** 

•• 
** 
** 

•• 
** 

4.0 
1.2 
1.1 
0.5 
4.5 
4.4 
3.7 
4.2 
3.8 
4.5 
4.8 
0.0 
3.5 
0.0 

** 
** 
** 
** 
** 
** 

•• 
** 
** 
** 

•• 
•• 
•• 
** 
•• 

5.4 
0.8 
0.7 
2.1 
2.9 
3.4 
2.9 
3.2 
2.2 
3.4 
5.0 
4.3 
2.6 
0.2 

** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 

•• 
** 

5.4 
1.9 
0.9 
2.6 
2.7 
4.1 
2.2 
3.1 
1 .5 
2.4 
5.3 
2.5 
1.3 
1.8 

** 
** 
** 
** 
•• 
•• 
** 
** 
** 
** 
** 
** 
** 
** 
•• 

5.5 
2.4 
0.4 
2.2 
1.0 
4.0 
2.5 
3.4 
1.4 
2.2 
5.4 
3.1 
0.8 
1.8 

** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 

•• 
** 
** 

5.7 
2.4 
1.5 
0.7 
0.8 
3.3 

3.7 
3.9 
2.2 
3.4 
4.8 
3.4 
0.1 
1.5 

** ** 
** ** 
** ** 

** ** 
** ** 

** ** 
** ** 
**. ** 

** ** 
•• ** 
•• ** 
** ** 
•• ** 

** ** 
** •• 

6.1 2.8 
1.5 1.7 
1.6 1.8 
1.3 1.7 
0.9 1.8 
2.8 2.6 
3.8 2.9 
3.2 3.1 
2.3 2.8 
3.4 3.6 
4.2 4.2 
2.6 2.8 
0.2 1.4 
1.6 2.1 

Monthly Average = 

(j 

•••• 
•••• 
**** 
**** 
**** 
**** 
**** 
**** 

•••• 
•••• 
**** 
**** 
•••• 
****. 
**** 

3.96 
2.82 
2.11 
2.13 
2.57 
3.72 
3.57 
3.33 
2.93 
3.74 
4.72 
4.36 
3.65 
2.16 
3.25 
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Hour 

-
MEPA - Kuwait 

April 1991 

Hourly Averages for Yind Speed(meters/sec) and Direction 

2 3 4 s 6 7 8 9 10 

................ U~ 

11 12 

----

13 14 1S 16 17 18 19 

,. 

-

20 21 22 

/"-- "\ 

( I 
--..._/ 

23 24 Daily 
Day Average 

** ** ** ** ** ** ** ** •• ** ** ** ** ** ** ** ** ** ** •• ** ** ** ** ** •••• ** ** ** ** ** •• ** ** ** ** •••••• ** ** ** ** ** ** ** ** ****** 
2 ** ** ** ** •• ** ** ** ** ** ** **·** ** ** ** ** ** ** ** ** ** •• -•• ** ** ** ** •• ** •• ** ** ** ** •• ** ** •• ** ** •• ** ** •• ** ** ** ****** 
3 ** ** •• ** ** •• ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** •• ** ** ** ** ** ** ** •• ** ** ** ** ** ** ** ** ** ****** 
4 ** ** ** •• ** ** ** •• ** •• ** ** ** ** ** ** ** ** ** ** •• ** ** ** ** ** ** ** ** ** ** ** ** ** •• ** ** ** ** ** •• ** ** ** ** ** ** •• ****** 
5 ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** •• ** ** ** ** ** ** ** ** ** ** ** ** ** •• ** ** ** ** ** •••• ** ** ** •••••••• ** ** ** ****** 
6 ** ** ** ** ** ** ** ** ** •• ** ** ** •• ** •••• ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** •• ** ** ** ** •• ** •• ** ** ** ** ** ** ****** 
7 ** ** ** ** •• ** ** ** ** ** ** ** ** ** ** ** •• ** ** ** ** •• ** •• ** ** ** ** •• ** •••• ** ** ** ** ** ** ** ** ** ** •• ** ** ** •• ** ****** 
8 ** ** ** •• ** ** ** ** ** ** ** ** ** ** •• ** •••• ** ** •••• ** ** ** ** ** ** •• ** ** ** ** ** ** ** ** ** ** ** ** ** ** •• ** •••• ** ****** 
9 ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** •• ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ****** 

10 ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** •• ** ****** 
11 ** ** ** ** ** ** ** •• ** ** ** ** ** ** ** ** •• ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ****** 
12 ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ~· ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ··~··· 

13 ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ****** 
14 ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ****** 
15 ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ****** 
16 ** ** ** ** ** ** ** ** ** •• ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ****** 
17 ** ** ** ** ** ** ** ** ** ** ** ** ** ** 
18 1Y 
19 

20 
21 

22 
23 
24 
2S 
26 
27 
28 
29 
30 

2S 
2NNY 
2YNY. 
2Y 
2NY 
2YNY 
3YSY 
3SSY 
4NNY 
6NY 
4NY 
2Y 

2NNY 4N 
4NY 
2NNY 
2YNY 
2Y 
3NY 
3YNY 
4YSY 
2SSY 
4NNY 
SNY 
4NY 
2Y· 

2YNY 
2NY 
1NY 
3Y 
3NY 
2Y 
5YSY 
2SY 
4NNY 
4NY 
4NY 
2Y 

6NNE SNNE 6NE 
3YNY 
2NNY 
2NY 
3YSY 
3NY 
3Y 
4YSY 
2YSY 
4NNY 
4NY 
4NY 
3Y 

2YNY 
3YNY 
2YNY 
3Y 
3NY 
3Y 
3YSY 
4Y 
SN 
4NNY 
4NY 
3Y 

ONY 
3NY 
2NY 
3Y 
3NY 
3Y 
4YSY 
4Y 
4N 
5NY 
4NY 
3Y 

SENE 
1YSY 
2NNY 
2YNY 
3YNY 
3NY 
3Y 
4SY 
3Y 
3NNY 
6NNY 
4NY 
4Y 

SSSE 
3ENE 
SYSY 
1NY 
3YNY 
3Y 
3NY 
3Y 
3SY 
SYNY 
4NNY 
6NNY 
4NY 
3Y 

SSE 
3ENE 
ON 
2NNY 
3NY 
4Y 
4NNY 
2NY 
2SY 
4YNY 
SNNY 
6NY 
4NNY 
4YNY 

ON 
4ENE 
ON 
2NNY 
ON 
4NY 
ON 

. 3N 

1ESE 
ON 
SNNY 
ON 
4NY 
3NY 

3SE 
4ENE 
3NNY 
2NY 
4NY 
4NY 
4N 
4N 
1ESE 
SNY 
5NNY 
7NN~ 
SNY 
3NY 

2ESE 
4NE 
2NY 
3N 

. 4NNY 

6NY 
SNNY 
4NNE 
2ESE 
SNY 
6NNY 
7NNY 
6NY 
2NY 

2ESE 
2ENE 
2N 
3NNY 
4NNY 
5NNY 
6NNY 
4NNE 
3ESE 
6NY 
SNNY 
7NNY 
SNY 
ON 

3ESE 
1E 
4NNE 
3N 
4NNY 
4NE 
6NNY 
4NE 
4ESE 
6NY 
SNNY 
ON 
SNY 
3NNE 

SSE 
2NNE 
4NNE 
4NE 
4NNY 
4N 
6NNY 
4ENE 
3ESE 
SNY 
6NNY 
7NNY 
6NY 
3NE 

4SE 
1NNE 
4NNE 
3NE 
4N 
SNNY 
SNNY 
4E 
4ESE 
6NY 
6NNY 
6NNY 
SNY 
2NE 

5SSE 
2E 
3NNE 
2NE 
SNNE 
SNNY 
4N 
4SE 
4SE 
SNNY 
6NNY 
6NNY 
6NY 
OENE 

4SSE 
1Y 
1E 
ON 
4NNE 
4NNW 
4NNY 
4SE 
4SE 
4NNY 
SNNY 
ON 
4NW 
ONE 

SSSE 
1NE 
1ESE 
2N 
3NNE 
3N 
3NNY 
3SE 
2ESE 
3NNY 
SNNY 
4NNY 
3YNY 
ONY 

Maximum Hourly Average Yind Speed was 
Maximum Daily Average Yind Speed· was 

7 meters/sec at Hour 15 on Day 28 and Wind Di~ection was from the NNY. 
5 meters/sec on Day 27 and Yind Direction was from the NNY 

Operating Efficiency for Yind Speed= 45.7 percent 
Last Instrument Calibration Date~ unknown 
[CEHJ 

Operating Efficiency for Yind Direction= 45.7 percent 

SSSE 
2S 
1S 
3N 
3NNE 
4N 
2NY 
3SSE 
2SE 
2NNY 
5NNY 
2Y 
1YNY 
2NNY 

6SSE 
2N 
OY 
2N 
1N 
4N 
2NY 
3SSE 
1SE 
2NNY 
SNNY 
3Y 
1YNY 
2NNY 

6SSE 
2N 
2YNY 
1NY 
1NNY 
3N 
4NY 
4SSE 
2SSE 
3NNY 
SNNY 
3NY 
ONNE 
2NY 

6SSE 
2SSE 
2NNY 
1YNY 
1NY 
3NNY 
4NY 
3S 
2S 
3NNY 
4NY 
3NY 
OYSY 
2YNY 

3SSE 
2SSY 
2NNY 
2YNY 
2YNY 
3NNY 
3YNY 
3SY 
3SSY 
4NNY 
4NY 
3NY 
1Y 
2Y 

Monthly Average = 

4SE 
3NE 
2NNY 
2NNY 
3NNY 
4NY 
4NY 
3Y 
3S 
4NW 
5NNY 
4NY 
4NY 
2NY 
3NY 

** = missing or no date 
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MEPA - Kuwait 
April 1991 

Hourly Averages for Pressure in millibars 

2 3 4 5 6 7 8 9 io 11 . 12 13 14 15 16 17 18 19 20 21 22 23 24 Daily 
Day Average 

NO 

2 NO 

3 NO 

4 NO 

5 NO 

6 NO 

7 NO 
8 NO 

9 NO 

10 NO 
11 NO 

NO 
NO 
NO 
NO 
NO 

NO 
NO 

NO 
NO 
NO 

NO 

NO 

NO 

NO 

NO 

NO 
NO 
NO 

NO 
NO 

NO 
NO 

NO 
NO 
NO 
NO 
NO 

NO 

NO 
NO 

NO 
NO 

NO 

NO 
NO 

NO 

NO 
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NO 

NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 
NO 

NO 

NO 
NO 

NO 
NO 
NO 

NO 

NO 

NO 
NO 

NO 
NO 
NO 

NO 
NO 

NO 

NO 

NO 
NO 
NO 

NO 
NO 

NO 
NO 

NO 

NO 
NO 
NO 

NO 

NO 
NO 

NO 

NO 
NO 

NO 
NO 
NO 

NO 

NO 

NO .NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NQ 
NO NO 
NO NO 

NO 

NO 

NO 
NO 
NO 
NO 

NO 

NO 
NO 
NO 
NO 

NO 

NO 
NO 

NO 
NO 
NO 

NO 
NO 

NO 

NO 

NO 

NO 

NO 

NO 
NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 

NO 

NO 

NO 
NO 
NO 
NO 

NO 

NO 
NO 

NO 

NO 

NO 

NO 
NO 

NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 

NO 

NO 

NO 
NO 
NO 

NO 
NO 
NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 
NO 

NO 

NO 
NO 
NO 

NO 

NO 

NO 
NO 
NO 

NO 

NO 
NO 
NO 

NO 

NO 
NO 

NO 

NO 
NO 

NO 
NO 

NO 
NO 

NO 
NO 
NO 

NO 

NO 

NO 

NO 
NO 

NO 
NO 

NO 
NO 
NO 

NO 
NO 

NO 

NO 
NO 

NO 
NO 

NO 
NO 

NO 

NO 
NO 

NO 

NO 

NO 
NO 

NO 
NO 
NO 

NO 

NO 
NO 

NO 
NO 

NO ***** 
NO ··~*** 

NO ***** 
NO ***** 
NO ***** 
ND **** 11 

NO ***** 
NO ***** 
NO ***** 
NO ***** 
NO ***** 

12 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
13 NO NO NO NO N9,_· NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
14 NO NO NO NO ~b NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
15 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
16 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
17 NO NO NO NO NO NO NO 1003 1004 NO 1005 1001 1008 1008 1010 1009 1008 1002 1008 1009 1009 1008 1008 1008 1006.8 

18 1008 1008 1008 1008 1008 1008 1007 NO 1007 1007 1008. 1009 1009 1010 1010 1010 1009 1009 1009 1009 1008 1008 1008 1008 1008.4 

19 1008· 1008 1008 1008 1008 1008 1008 1008 NO NO 1013 1014 1016 1017 1020 1020 1020 1017 1014 1012 1013 1011 1010 1010 1012.3 

20 1010 1009 1009 1009 1009 1008 1008 1008 1008 1008 1010 1014 1018 1025 1026 1025 1022 1015 1010 1008 1007 1007 1007 1007 1012.0 

21 1007 1007 1007 1008 1008. 1008 1007 1008 1012 NO 1021 1022 1017 1017 1018 1017 1015 1011 1008 1008 1008 1009 1009 1010 1011.4 

22 1008 1006 1006 1006 1006 1006 1007 1007 1017 1022 1025 1026 1029 1035 1040 1041 1036 1031 1025 1021 1017 1012 1009 1007. 1018.5 

23 1007 1007 1007 1007 1007 1007 1007 1007 1011 NO 1010 1013 1012 1013 1013 1012 1012 1012 1011 1009 1008 1007 1007 1008 1009.3 

24 1006 1005 1005 1005 1005 1005 1005 1005 1006 1008 1009 1014 1020 1026 1023 1019 1016 1013 1008 1007 1007 1006 1006 1007 1009.8 

25 1009 1008 1008 1009 1009 1009 1010 1011 1011 1012 1011 1012 1013 1010 1011 1011 1009 1008 1008 1008 1008 1009 1009 1008 1009.6 

26 1008 1007 1007 1007 1007 1006 1007 1006 1007 NO 1012 1012 1012 1014 1016 1016 1016 1013 1010 1007 1007 1007 1009 1007 1009.6 

27 1006 1006 1005 1005 1006 1007 1007 1008 1007 1009 1016 1015 1013 1013 1011 1009 1007 1006 1006 1006 1006 1007 .1007 1006 1008.1 

28 1005 1005 1005 1005 1005 1005 1005 1005 1007 NO 1013 1016 1020 NO 1025 1028 1026 NO 1020 1015 1013 1011 1010 1007 1012.0 

29 1006 1005 1005 1006 1006 1006 1006 1006 1008 1011 1015 1018 1021 1024 1024 NO 1017 1013 1009 1006 1003 1002 1001 1001 1009.5 

30 1002 1005 1006 1006 1006 1006 1006 1005 1006 1009 1010 1011 NO 1015 1017 1015 1013 1011 1009 1007 1006 1004 1003 1002 1007.8 
Monthly Average= 1010.4 

Maximum Hourly Average was 1041 at Hour 16 on Day 22 with 1 occurences 
Maximum Daily Average was 1018.5 on Day 22 with 1 occurences 
Operating Efficiency = 44.0 percent 
NO= no data, ZS =zero/span, CAL= calibration, IR = ·rep~ir, RL =relocation, OFF= off, AZS =daily zero/span, INS= insufficient data 
[CEM 1990) 
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0 
MEPA - Kuwait 

April 1991 

Hourly Averages for Solar Radiation in Yatts/ M2 

/ \ 

\__L 

,, 
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Hour 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Daily 
Day Average 

1 NO. NO NO NO ND NO NO NO NO ND NO. NO NO NO NO NO No NO NO NO NO NO NO ND ***** 
2 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
3 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
4 NO NO NO NO NO NO NO NO 'NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
5 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
6 NO NO NO NO NO NO NO NO NO NO ND NO NO NO NO NO NO NO NO NO NO NO NO NO 
7 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 

8 

9 

10 
11 
12 
13 
14 
15 
16 
17 

'18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
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NO 
NO 
NO 
NO 
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NO 
NO 
NO 
NO 
NO 

0 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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NO 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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NO 
NO 
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NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
2 

3 
29 
19 
11 

7 

0 

6 

9 

12 
17 
15 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
20 
40 
27 
50 
67 
46 
39 

0 

55 

52 
64 
74 
63 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
14 
38 

NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
32 NO 
89 299 

NO . NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
NO NO 
61 194 

359 126 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

155 
29 

65 NO NO 356 295 389 
23 48 116 264 494 590 
78 345 NO 713 543 664 

135 452 553 641 699 663 
98 422 NO 595 547 476 
32 304 508 577 609 553 
0 1 39 141 . 170 168 

129 341 NO 539 420 482 
87 317 348 341 302 217 
99 391 NO 626 620 573 
86 448 568 . 646 688 666 

120 383 219 176 211 NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
5 

63 

NO. 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
17 
9 

NO 
NO 
NO 
NO' 
NO 
NO 
NO 
NO 
NO 
77 
36 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
9 

27 
506 445 299 121 
556 469 347 201 
619 378 300 128 
606 528 397 233 
324 246 156 76 
570 484 366 224 
192 179 252 63 
580 479 387 154 
306 187 111 66 

NO 556 352 149 
539 437 403 254 

275 240 116 61 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
6 

22 
55 
35 
72 

25 
66 

38 
61 
31 
NO 
91 
39 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

0 

0 

0 

0 

2 
1 

2 

3 

3 

5 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 
0 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Monthly Average; 

Maximum Hourly Average was 713 at Hour 11 on Day 21 with 1 occurence~ 
Maximum Daily Average was 211.1 on Day 22 with 1 occurcnccs 
Operating Efficiency = 44.3 percent 
NO= no data, ZS =zero/span, CAL= calibration, IR =·repair, RL:: relocation, OFF= off, AZS =daily zero/span, INS= insufficient data 
[CEH 1990] 
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35.6 
45.8 

115.4 
133.1 
168.8 
211.1 
131.4 
180.9 
51.9 

158. 1 
99.0 

164.0 

205.1 
83.4 

129.3 
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Hour 

MEPA - Kuwait 
April 1991 

Hourly Averages for Relative Humidity in Per Cent 

2 3 4 5 6 '7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

Day ~~--------------------------------------------------------------------------------------------------------~ 
1 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
2 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
3' NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
4 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
5 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

6 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ .~ ~ ~ ~ ~ ~ ~ ~ 

7 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
8 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
9 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

10 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
11 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
12 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
13 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
14 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
15 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
16 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
17 NO NO NO NO NO NO NO 77.4 85.4 NO 87.1 80.9 72.5 75.4 74.5 66.6 58.1 45.6 45.5 39.4 35.7 40.6 34.9 30.3 
18 26.6 34.7 52.1 57.8 61.8 77.9 84.2 84.8 85.1 80.9 75.1 66.6 57.1 49.7 51.6 66.3 65.2 69.5 85.1 77.0 66.6 53.7 52.5 52.1 
19 43.3 56.2 57.5 53.6 61.2 64.6 59.4 53.7 NO NO 44.6 38.9 30.4 27.3 25.7 24.0 23.9 30.1 35.7 40,1 38.3 39.4 38.2 35.4 
20 30.4 27.0 27.9 30.5 31.0 30.9 31.2 33.5 34.6 30.4 26.6 20.4 16.1 14.0 13.6 14.2 14.3 15.0 16.3 14.9 14.3 15.6 16.8 18.3 
21 19.8 21.0 22.8 26.1 27.6 28.6 26.9 22.0 17.2 NO 13.5 13.2 12.4 11.3 11.0 11.1 12.2 13.0 15.1 17.7 18.7 18.8 19.3 19.5 
22 21.0 21.3 22.0 23.6 24.3 24.3 24.0 20.7 17.4 15.9 14.7 14.1 13.1 12.9 11.6 10.1 10.1 10.3 11.7 12.8 13.9 13.5 13.7 15.0 
23 16.0 17.7 19.2 19.4 20.4 20.5 21.5 19.7 16.7 NO 14.0 11.9 10.1 10.0 10.0 10.0 10.4 11.8 13.2 14.4 14.9 15.4 15.3 15.6 
24 16.5 16.9· 18.0 17.8 17.5 17.6 17.7 17.5 16.3 15.0 13.4 12.1 11.1 10.5 10.7 12.6 14.0 14.1 14.3 15.0 15.4 14.7 14.0 14.2 
25 14.6 15.4 15.0 14.3 14.2 14.2 13.6 13.2 13.2 20.5 24.2 22.0 23.5 26.1 24.8 22.3 23.0 21.6 22.9 29.4 27.0 24.3 21.9 19.9 
26 17.5 17.4 17.7 17.4 18.6 18.8 19.1 18.8 18.4 NO 14.8 12.1 10.6 10.0 10.1 10.1 10.1 10.0 10.1 11.1 12.1 13.0 14.6 16.4 
27 18.3 19.7 20.2 19.3 18.0 18.0 18.4 18.2 17.4 15.9 15.1 14.4 14.0 13.5 13.2 13.1 13.5 14.2 15.1 15.9 16.8 18.0 18.7 19.2 
28 j9.3 19.6 20.5 20.5 21.1 21.7 22.3 20.9 18.7 NO 16.0 14.6 13.3 NO 11.8 10.7 11.2 NO 12.0 12.3 12.2 12.4 13.3 13.5 
29 13.4 13.3 14.0 14.2 14.2 14.2 14.3 14.1 13.5 12.5 11.3 10.2 10.1 10.1 10.1 10.1 10.1 10.0 10.0 10.0 10.2 11.1 . 11.8 11.9 
30 11.9 11.9 12.3 12.8 12.9 13.4 13.8 13.6 13.0 13.2 13.5 13.6 NO 12.0 11.9 11.9 12.0 12.7 13.2 13.3 13.0 13.9 14.3 15.1 

Monthly Average= 

Maximum Hourly Average was 87.1 at Hour 11 on Day 17 with 1 occurenccs 
Maximum Daily Average was 63.92 on Day 18 with 1 occurences 
Operating Efficiency = 44.3 percent 
NO= no data, ZS =zero/span, CAL= calibration, JR ='repair, Rl =relocation, OF.F =off, AZS =daily zero/span, INS= insufficient data 
[CEM 1990] 

u C! 0 

Daily 
Average 
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***** 
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***•* 
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59.37 
63.92 
41.89 
22.41 
18.21 
16.33 
15.13 
14.87 
20.05 
14.30 
16.59 
16.09 
11.86 
13.01 
23.79 
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Hourly Hun1idity - April, 1 9 9 1 
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Diurnal Hunlidity - April, 1 9 9 1 
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Hour 

MEPA - Kuwait 

April 1991 
Hourly AVerages for Temperature in Degrees C 

2 3 4 5 6 7 8 

- .u 

9 10 11 12 

-· 

- r-·\ 

---U 

13 14 15 16 17 18 19 20 21 22 23 24 

Day r---------------------~------------------------------------------------------------------------------------_, 
Oai ly 
Average 

1 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO -NO NO NO NO NO NO NO NO NO 
2 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
3 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
4 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
5 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
6 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
7 ND ~ NO ~ ~ ~ ~ ~ ~ NO ~ ~ ~ ~ ~ ~ ~ ND ~ ~ • ~ r ~ 

8 NO NO ND ND NO ND NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
9 NO NO NO NO NO NO ND NO NO ND NO NO NO NO NO NO NO NO NO NO NO NO NO ND 

10 NO NO NO NO ND NO ND NO NO NO NO NO NO NO NO NO NO ND NO ND NO NO NO ND 
11 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
12 NO NO NO NO No- NO NO NO NO NO NO NO NO NO NO NO NO NO NO ND NO NO NO NO 
13 ~ ~ ~ ~ • ~ ~ ~ ~ ~ ND ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

'· 14 NO NO ND NO NO NO NO ND NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
15 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
16 NO NO NO NO NO NO NO NO NO NO NO ND ND ND ND ND NO NO NO ND ND ND NO NO 
17 NO NO NO ND ND ND NO 21.8 21.4 NO 22.1 23.4 24.4 23.7 23.4 24.1 24.4 21.2 24.8 25.2 25.4 24.5 24.7 25.3 
18 26.4 25.8 24.5 23.4 23.1 21.9 21.3 21.3 21.5 22.9 24.0 23.8 23.7 24.2 23.9 23.4 23.1 22.7 21.5 22.0 22.7 23.8 23.8 23.7 
19 24.6 24.0 24.0 24.3 23.4 23.2 23.9 24.7 ND ND 28.5 29.6 31.8 33.7 34.3 34.4 33.5 30.5 28.8 27.6 27.6 27.2 27.1 26.9 
20 26.9 26.5 25.6 24.7 24.6 24.4 24.2 23.8 23.8 25.3 27.5 31.7 35.0 36.3 36.3 34.9 34.7 33.5 31.3 30.1 29.0 27.3 26.6 25.7 
21 25.1 24.7 23.8 23.2 22.8 22.8 24.4 28.0 31.0 ND 35.8 36.4 38.0 38.9 38.2 38.1 35.9 33.9 32.0 31.0 30.3 29.8 29.6 29.5 
22 28.2 27.4 26.4 25.7 25.3 25.3 26.9 31.0 34.5 37.3 39.2 40.2 41.5 41.5 41.8 41.5 40.4 38.3 36.0 34.6 33.1 32.6 '31.5 30.3 
23 29.2 28.3 27.5 27.4 26.8 26.2 26.8 30.3 33.4 NO 36.9 38.2 38.8 38.4 38.1 37.6 36.7 35.2 33.7 32.5 32.3 31.8 31.4 30.3 
24 29.4 28.6 27.7 27.7 27.0 26.6 27.3 27.6 32.5 36.0 38.0 39.4 41.0 41.5 40.9 38.2 36.3 34.8 33.0 31.9 31.4 31.9 32.1 31.6 
25 30.8 30.0 30.6 31.1 30.9 30.9 32.5 32.7 32.7 30.5 31.0 32.1 31.3 30.7 31.5 32.6 31.1 30.6 29.2 27.1 27.8 28.4 29.4 29.7 
26 30.6 30.1 29.9 30.2 28.9 28.8 29.6 32.1 34.8 NO 40.0 41.0 41.2 42.0 42.3 41.7 39.7 37.9 36.4 35.0 34.1 33.5 32.4 31.3 
27 30.3 29.5 29.4 29.7 30.6 29.9 30.3 31.9 33.9 35.5 36.0 37.1 37.4 38.3 38.2 37.3' 36.8 35.8 34.6 33.6 32.6 31.6 30.9 30.3 
28 29.9 29.0 28.4 28.5 28.0 27.6 28.4 30.0 32.4 NO 35.6 37.0 38.3 NO 39.0 38.5 37,2 NO 35.0 33.1 32.3 32.1 31.1 30~4 

29 30.3 29.8 29.1 28.6 28.1 27.9 29.1 31.0 33.7 36.2 37.5 38.2 39.5 39.3 39.2 39.5 38.8 37.4 35.4 33.4 31.5 29~7 28.3 27.6 
30 26.9 26.0 25.4 25.1 24.7 24.1 25.2 29.0 32.3 33.0 33.7 35.3 No 37.3 36.7 35.8 34.7 33.9 32.3 32.0 31.1 30.o 29.2 28.4 

r-------------------------------------------------------------------------------------------_, Monthly Average= 

Maximum Hourly Average was 42.3 at Hour 15 on Day 26 with 1 occurenccs 
Maximum Daily Average was · 34.93 on Day 26 with 1 occurcnces 
Operating Efficiency = 44.3 percent 
NO = no data, zs = zero/span, CAL = calibration, IR = repair, RL = relocation, OFF' = off, AZS =daily zero/span, INS = insufficient data 
[CEH 1990J 
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34.93 
33.40 
32.47 
33.30 
30.53 
30.78 



KUWAIT 
Hourly T enlperature - April, 1 9 9 1 

50~------------------------------------------~ 

45 

0 40 
(/) 
Q) 

~ 35 
CJ) 
Q) 

0 30 

25 

I' 

20 lillllllllllllllllllllllllllllllllllllllllllllillllllllllllllillllillllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllillllilllllllllllilllllllllllllllllllllllllllillllllllllllllllllllllllllllllllllllllllllllllllllllilillillllllilllllllillllillllillllllllllllillllllllllllllllll
1 

17 1 9 . 21 23 25 27 29 
Day 

I· Te-mpu I 

u 0 CJ 



0 
~ 

~-··· ... ... .. "-~-· "' 0 .. _ .... _ U· ""·-·-·-· ~- ..... _............. -..:....... ......_.... ............. ~ . -

KUWAIT 
Diurnal Temperature - April, 1 9 9 1 
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Hour 

MEPA - Kuwait 
Apri I 1991 

Hourly Averages for Total Particulate in MG/H3 

2 3 4 5 6 7 8 9 10 11 12 n 14 15 16 17 18 19 20 21 22 23 24 Oai ly 
o~ Awr~c 

1 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ••••• 
2 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 

3 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ••••• 
4 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
5 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 

6 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
7 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 

8 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 

9 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 

10 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
11 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 

12 NO" NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
13 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 

14 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
15 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
16 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO · NO NO NO ***** 
17 NO NO NO NO NO NO NO 0.025 0.025 NO 0.024 0.024 0.023 0.020 0.021 0.026 0.024 0.020 0.022 0.019 0.017 0.016 0.015 0.026 0.0217 
18 0.096 0.169 0.131 0.044 0.024 0.018 0.018 0.018 0.018 0.020 0.021 0.019 0.018 0.016 0.018 0.021 0.018 0.017 0.020 0.020 0.021 0.022 0.020 0.021 0.0345 
19 0.023 0.049 0.032 0.023 0.020 0.018 0.016 0.018 NO NO 0.023 0.024 0.020 0.019 0.018 0.018 0.018 0.019 0.019 0.023 0.021 0.025 0.031 0.042 0.0236 
20 0.054 0.083 0.082 0.048 0.038 0.018 0.021 0.029 0.029 0.051 0.038 0.035 0.025 0.022 0.020 0.017 0.021 0.021 0.021 0.062 0.041 0.060 0.052 0.021 0.0379 
21 0.014 0.014 0.014 0.013 0.014 0.013 0.013 0.012 0.012 NO 0.013 0.017 0.014 0.014 0.015 0.015 0.029 0.020 0.017 0.016 0.017 0.019 0.019 0.043 0.0168 
22 o.o38 o.o19 0.021 o.o16 o.o19 0.022 o.o16 o.D16 o.o15 o.o18 o.o2o o.o14 o.o17 o.o25 o.o21 o.o16 o.o15 o.o16 o·.o18 o.o31 o.017 o.o15 o.o28 o.o9o o.o226 
23 0.060 0.054 0.028 0.019 0.014 0.015 0.015 0.019 0.019 NO 0.011 0.016 0.015 0.017 0.022 0.024 0.024 0.024 0.023 0.018 0.016 0.015 0.014 0.015 0.0219 
24 0.015 0.016 0.016 0.016 0.015 0.015 0.016 0.015 0.016 0.017 0.028 0.026 0.026 0.022 0.017 0.017 0.015 0.014 0.015 0.015 0.014.0.015 0.017 0.177 0.0240 
25 0.293 o.048 o.038 o.o17 o.017 o.o17 o.098 0.135 o.096 0.215 o.189 0.140 0.091 o.o53 o.040 o.031 0.021 o.019 o:o21 o.o23 0.022 0.021 o.o18 o.019 o.0701 
26 0.054 0.346 0.388 0.254 0.028 0.023 0.022 0.021 0.024 NO 0.025 0.020 0.019 0.017 0.015 0.014 0.013 0.013 0.013 0.014 0.021 0.014 0.022 0.038 0.0617 
27 0.036 0.044 0.067 Q.104 0.118 0.154 0.120 0.071 0.056 0.049 0.038 0.032 0.043 0.027 0.047 0.023 0.033 0.035 0.019 0.031 0.014 0.016 0.018 0.017 0.0505 
28 0.014 0.015 0.016 0.020 0.019 0.016 0.015 0.014 0.016 NO 0.017 0.035 0.036 NO 0.022 0.017 0.026 NO 0.038 0.038 0.019 0.024 0.049 0.047 0.0244 
29 0.031 0.019 0.014 0.013 0.014 0.014 0.013 0.012 0.013 0.013·0.012 0.012 0.013 0.013 0.014 0.014 0.013 0.013 0.013 0.013 0.013 0.015 0.015 0.017 0.0144 
30 0.018 0.014 0.013 0.013 0.012 0.012 0.012 0.012 0.013 0.013 0.013 0.013 NO 0.019 0.024 0.023 0.020 0.021 0.020 0.024 0.018 0.015 0.014 0.013 0.0160 

Maximum Hourly Average was 0.388 at Hour 3 6n Day 26 with~ 1 occurences 
Maximum Daily Average was 0.0701 on Day 25 with 1 occurences 
Operating Efficiency = 44.3 percent 

~onthly Average = 

NO= no data, ZS =zero/span, CAL= calibra~ion, IR =repair, RL =relocation, OFF= off, AZS =daily zero/span, INS= insufficient data 
[CEM 1990] 
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Hourly NH3 - April, 1 9 9 1 
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Hour 2 

MEPA - Kuwait 
April 1991 

Hourly Averages for 03 in ppm 

3 4 5 6 7 8 9 10 1 1 12 13 14 15 16 i7 18 19 20 21 22 23 24 Daily 
Day Average 

1 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
2 
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***** 
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***** 
***** 
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15 NO NO NO Na NO NO NO NO NO NO NO ·No NO NO NO NO NO NO NO NO NO NO NO NO ***** 
16 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
17 NO NO NO NO ND NO NO 0.024 0.019 CAL 0.013 0.012 0.008 0.008 0.020 0.025 0.033 0.028 0.033 0.033 0.031 0.032 0.031 0.026 0.0235 
18 0.022 0.015 0.014 0.012 0.009 0.016 0.015 0.007 0.007 0.011 0.014 0.015 0.013 0.013 0.005 0.002 0.005 0.011 0.001 0.004 0.007 0.002 0.003 0.015 0.0099 
19 0.018 0.015 0.016 0.018 0.012 0.009 0.013 0.013 CAL CAL 0.024 0.021 0.025 0.020 0.024 0.022 0.015 0.009 0.000 0.006 0.009 0.000 0.001 0.003 0.0133 
20 0.021 0.018 0.017 0.012 0.020 0.018 0.016 0.016 0.016 0.011 0.013 0.021 0.027 0.025 0.021 0.025. 0.021 0.009 0.007 0.011 0.012 0.001 0.005 0.011 0.0156 
21 0.018 0.015 0.007 0.010 0.013 0.014 0.020 0.023 0.024 CAL 0:026 0.025 0.024 0.024 0.026 0.022 0.020 0.017 0.002 0.006 0.007 0.000 0.000 0.005 0.0151 
22 0.000 0.001 0.002 0.005 0.006 0.008 0.012 0.013 0.018 0.022 0.022 0.022 0,023 0.020 0.018 0.016 0.015 0.010 0.004 0.011 0.015 0.018 0.011 0.012 0.0127 
23 0.010 0.019 0.020 0.016 0.017 0.016 0.013 0.020 0.030 CAL 0.025 0.029 0.032 0.027 0.026 0.018 0.013 0.013 0.006 0.007 0.004 0.018 0.020 0.019 0.0182 
24 0.016 0.012 0.005 0.003 0.009 0.005 0.011 0.015 0.013 0.014 0.023 0.020 0.026 Q.026 0.027 0.025 0.022 0.018 0.010 0.003 0.005 0.004 0.020 0.017 0.0145 
25 0.008 0.013 0.019 0.020 0.019 0.018 0.018 0.015 0.010 0.000 0.000 0.002 0.006 0.005 0.008 0.011 0.008 0.008 0.003 0.001 0.001 0.002 0.000 0.012 0.0086 
26 0.019 0.014 0.012 0.014 0.014 0.017 0.019 0.017 0.017 NO 0.019 0.021 0.022 0.024 0.022 0.023 0.028 0.025 0.022 0.013 0.002 0.021 0.024 0.024 0.0188 
27 0.025 0.024 0.021 0.009 0.015 0.009 0.015 0.022 0.023 0.024 0.023 0.024 0.021 0.023 0.022 0.021 0.018 0.008 0.020 0.023 0.025 0.024 0.017 0.006 0.0193 
28 0.007 0.006 0.008 0.006 0.019 0.017 0.020 0.022 0.025 CAL 0.025 0.026 0.028 NO 0.028 0.029 0.026 NO 0.020 0.017 0.021 0.019 0.005 0.011 0.0183 
29 o.oo3 o.oo5 o.oo4 o.oo4 o.oo6 o.oo5 o.oo9 o.o18 o.o24 o.o19 o.o3o o:o35 o.o31 o.027 o.024 0.022 0.021 0.011 o.o15 o.o1o o.oo4 o.ooo o.oo1 o.oo1 o.o137 
30 0.003 0.002 0.010 0.008 0.012 0.012 0.014 0.024 0.029 0.018 0.016 0.014 NO 0.036 0.026 0.014 0.005 0.001 0.002 0.001 0.015 0.005 0.009 0.014 0.0126 

Monthly Average = 

Maximum Hourly Average was 0.036 at Hour 14 on Day 30 with 1 occurences and there were no Hourly Violations 
Maximum Daily Average was 0.0235 on Day 17 with 1 occurences and there were no Daily Violations 
Operating Efficiency = 45.1 percent 
NO= no data, ZS =zero/span, CAL= calibration, IR =repair, RL =relocation, OFt= off, AZS =daily zero/span, INS= insufficient data 
[CEM 1990] 
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0 
MEPA - Kuwait 

April 1991 

~ 

Hourly Averages for NOx in ppm 

-
.. . 

..Ll - - _Q_ . 

Hour 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Daily 
Day -1 Average 

1 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
2 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
3 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
4 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
5 NO NO NO NO NO NO NO NO NO NO NO NO .NO NO NO NO NO NO NO NO NO NO NO NO ***** 
6 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
7 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
8 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ••*** 
9 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 

10 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ••••• 
11 NO NO NO NO NO NO NO NO NO NO N~ NO NO NO NO ~D NO NO NO NO NO NO NO NO ***** 
12 NO NO NO NO NO NO NO NO NO NO NO . NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
13 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
14 NO NO NO NO NO NO NO NO NO NO NO ·No NO NO NO NO NO NO NO NO NO NO NO NO ***** 
15 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
16 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
17 NO NO NO NO NO NO NO 0.010 0.014 CAL 0.027 0.029 0.041 0.041 0.028 0.030 0.025 0.035 0.026 0.023 0.023 0.023 0.018 0.021 0:0259 
18 0.036 0.051 0.030 0.060 0.069 0.024 0.022 0.043 0.038 0.031 0.026 0.028 0.043 0.044 0.069 0.090 0.066 0.046 0.110 0.065 0.049 0.081 0.055 0.024 0.0500 
19 0.022 0.028 0.035 0.028 0.045 0.048 0.034 0.061 CAL CAL 0.032 0.024 0.026 0.057 0.045 0.050 0.064 0.054 0.085 0.059 0.065 0.087 0.077 0.095 o:o510 
20 0.020 0.032 0.036 0.042 0.017 0.024 0.034 0.038 0.036 0.060 0.047 0.038 0.023 0.029 0.038 0.015 0.022 0.050 0.049 0.045 0.065 0.109 0.063 0.047 0.0408 
21 0.027 0.032 0.063 0.051 0.047 0.036 0.015 0.015 0.023 CAL 0.023 0.017 0.015 0.014 0.011 0.021 0.027 0.027 0.063 0.060 0.065 0.132 0.140 0.070 0.0432 
22 0.115 0.101 0.093 0.077 0.087 0.067 0.028 0.057 0.036 0.022 0.027 0.027 0.022 0.025 0.023 0.021 0.021 0.034 0.053 0.032 0.022 0.028 0.052 0.032 0.0459 
23 0.044 0.013 0.016 0.044 0.041 0.036 0.053 0.042 0.025 CAL 0.042 0.024 0.016 0.026 0.029 0.048 0.053 0.056 0.079 0.069 0.087 0.025 0.020 0.019 0.0394 
24 0.025 0.038 0.088 0.103 0.033 0.046 0.034 0.021 0.045 0.062 0.040 0.060 0.040 0.039 0.016 0.013 0.018 0.028 0.040 0.057 0.060 0.063 0.019 0.023 0.0421 
25 0.047 0.014 0.006 0.005 0.005 0.007 0.016 0.025 0.034 0.089 0.073 0.051 0.028 0.025 0.034 0.027 0.032 0.036 0.053 0.104 0.132 0.086 0.062 0.028 0.0425 
26 0.015 0.029 0.033 0.025 0.012 0.007 0.009 0.011 0.023 NO 0.037 0.035 0.033 0.028 0.034 0.031 0.019 0.027 0.031 0.051 0.085 0.022 0.014 0.012 0.0271 
27 0.009 0.010 0.018 0.055 0.037 0.054 0.043 0.020 0.022 0.025 0.023 0.024 0.031 0.033 0.034 0.033 0.032 0.054 0.027 0.017 0.011 0.011 0.035 0.089 0.0311 
28 0.076 0.087 0.073 0.085 0.025 0.026 0.014 0.017 0.022 CAL 0.029 0.024 0.017 NO 0.022 0.020 0.018 NO 0.033 0.028 0.019 0.033 0.119 0.077 0.0411 
29 0.138 0.116 0.124 0.131 0.120 0.121 0.098 0.056 0.040 0.041 0.036 0.025 0.031 0.035 0.038 0.039 0.045 0.083 0.064 0.068 0.081 0.110 0.088 0.068 0.0748 
30 0.049 0.053 0.027 0.030 0.024 0.027 0.028 0.019 0.024 0.060 0.070 0.078 NO 0.075 0.040 0.073 0.084 0.135 0.104 0.091 0.047 0.084 0.066 0.034 0.0575 

Monthly Average = 0.0442 

Maximum Hourly Average was 0.140 at Hour 23 on oay 21 with 1 occurences and there were no Hourly Violations 
Maximum Daily Average was 0.0748 on Oay 29 with 1 occurences and there were no Daily Violations 
Operating Efficiency = 45.1 percent 
NO= no data, zs = zero7span, CAL= calibration, 1R =repair, RL =relocation, OFF= off, AZS =daily zero/span, INS= insufficient data 
[CEM 1990] 
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MEPA - Kuwait 

April 1991 
Hourly Averages for N02 in ppm 

·- , I 
~ 

,. 

_Q 

Hour 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Daily 
Day Average 

1 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** •, 
2 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
3 NO NO NO NO NO NO NO NO NO NO ' NO . NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
4 NO NO NO· NO NO NO NO NO NO NO NO NO · NO NO NO NO NO NO NO NO NO NO NO NO ***** 
5 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
6 ND NO NO NO NO NO NO NO NO ND NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
7 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
8 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO. NO NO NO NO NO NO NO NO NO ***** 
9 NO NO NO NO ND NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 

10 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
11 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
12 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
13 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO · NO NO NO NO NO NO NO ***** 

14 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
15 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
16 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
17 NO NO NO NO NO NO NO 0.008 0.010 CAL 0.020 0.023 0.031 0.032 0.025 0.026 0.022 0.030 0.023 0.021 0.021 0.022 0.017 0.019 0.0219 
18 0.028 0.037 0.023 0.030 0.035 0.019 0.017 0.031 0.027 0.021 0.016 0.022 0.032 0.036 0.050 0.056 0.048 0.035 0.049 0.046 0.039 0.053 0.047 0.021 0.0341 
19 0.021 0.019 0.022 0.018 0.027 0.032 0.023 0.033 CAL CAL 0.017 0.019 0.019 0.036 0.029 0.030 0.042 0.043 0.055 0.052 0.046 0.057 0.056 0.055 0.0341 
20 0.018 0.026 0.027 0.029 0.013 0.018 0.025 0.028 0.028 0.042 0.037 0.030 0.019 0.023 0.029 0.013 0.018 0.041 0.046 0.043 0.043 0.062 0.052 0.039 0.0312 
21 0.024 0.027 0.038 0.032 0.024 0.022 0.012 0.011 0.019 CAL 0.015 0.012 0.010 0.010 0.008 0.017 0.021 0.023 0.052 0.049 0.041 0.060 0.058 0.048 0.0275 
22 0.058 0.048 0.043 0.032 0.034 0.028 0.018 0.031 0.020 0.014 0.021 0.021 0.019 0.020 0.021 0.021 0.019 0.029 0.043 0.029 0.021 0.025 0.038 0.028 0.0284 
23 0.030 0.012 0.011 0.022 0.025 0.025 0.032 0.027 0.019 CAL 0.029 0.019 0.014 0.022 0.025 0.039 0.041 0.042 0.050 0.044 0.051 0.022 0.019 0.018 0.0277 
24 0.023 0.029 0.046 0.053 0.030 0.038 0.030 0.018 0.031 0.039 0.030 0.038 0.029 0.029 0.013 0.010 0.014 0.024 0.036 0.050 0.046 0.048 0.016 0.020 0.0308 
25 0.037 0.012 0.005 0.004 0.003 0.006 0.014 0.022 0.026 0.037 0.039 0.034 0.023 0.019 0.022 0.020 0.026 0.030 0.043 0.048 0.052 0.052 0.049 0.024 0.0270 
26 0.013 0.025 0.031 0.023 0.010 0.006 0.007 0.009 0.014 NO 0.024 0.022 0.0?1 0.019 0.020 0.020 0.014 0.023 0.027 0.040 0.054 0.020 0.013 0.009 0.0202 
27 0.007 0.008 0.014 0.037 0.029 0.037 0.029 0.017 0.016 0.020 0.017 0.019 0.025 0.024 0.028 0.026 0.025 0.040 0.022 0.016 0.009 0.009 0.01~ 0.038 0.0221 
28 0.034 0.037 0.033 0.039 0.014 0.015 0.008 0.010 0.014 CAL 0.018 0.016 0.012 NO 0.016 0.018 0.015 NO 0.023 0.027 0.017 0.023 0.051 0.044 0.0230 
29 0.060 0.056 0.060 0.059 0.056 0.056 0.050 0.034 0.026 0.028 0.025 0.019 0.022 0;025 0.025 0.027 0.031 0.047 0.038 0.043 0.055 0.061 0.060 0.046 0.0420 
30 0.041 0.041 0.025 0.027 0.023 0.024 0.023 0.015 0.020 0.041 0.043 0.051 NO 0.040 0.032 0.052 0.067 0.082 0.080 0.068 0.042 0.058 0.047 0.032 0.0423 

1----------------------------------------------~ Monthly Averogc ~ 0.0297 

Maximum Hourly Average was 0.082 at Hour 18 on Day 30 with 1 occurences and there were no Hourly Violations 
Maximum Daily Average waS 0.0423 on Day 30 with 1 occurences and there were no Daily Violations 
Operating Efficiency = 45.1 percent 
NO= no data, ZS =zero/span, CAL:::; calibration, IR ='repair, Rl =relocation, OFf= off, AZS::: daily zero/span, INS= insufficient data 
[CEM 1990] 
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8 9 10 11 12 
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13 14 15 16 17 18 19 20 21 22 23 24 Daily 

Day Average 
1 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
2 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
3 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
4 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ND NO ***** 
5 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ****' 
6 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
7 NO NO NO NO NO NO NO NO NO NO NO ·NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
8 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
9 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 

10 NO ~NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
11 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
12 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
13 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
14 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
15 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
16 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO. NO ***** 
17 NO NO NO NO NO NO NO 0.002 0.003 CAL 0.007 0.006 0.010 0.009 0.003 0.005 0.003 0.005 0.003 0.003 0.002 0.002 0.001 0.002 0.0041 
18 0.008 0.014 0.007 0.029 0.034 0.005 0.005 0.012 0.011 0.009 0.009 0.007 0.011 0.008 0.020 0.034 0.018 0.011 0.061 0.019 0.011 0.029 0.009 0.003 0.0160 
19 0.002 0.010 0.013 0.010 0.018 0.016 0.011 0.028 CAL CAL 0.015 0.006 0.007 0.021 0.017 0.020 0.021 0.011 0.029 0.017 0.019 0.030 0.022 0.040 0.0174 
20 0.002 0.006 0.009 0.013 0.004 0.006 0.008 0.010 0.008 0.018 0.010 0.080 0.004 0.006 0.009 0.002 0.004 0.009 0.004 0.002 0.022 0.046 0.011 0.009 0.0126 
21 0.004 0.005 0.002 0.016 0.023 0.014 0,003 0.003 0.004 CAL 0.009 0,004 0.005 0.004'0.003 0.004 0.006 0.004 0.011 0.012 0.024 0.072 0.082 0.022 0.0146 
22 0.056 0.052 0.051 0.045 0.052 0.039 0.011 0.027 0.016 0.007 0.006 0.006 0.002 0.004 0.002 0.001 0.002 0.004 0.011 0.003 0.001 0.003 0.013 0.004 0.0174 
23 0.015 0.001 0,005 0.021 0.016 0.011 0.020 0.015 0.006 CAL 0.013 0.005 0.002 0.005 0.004 0.009 0.012 0.014 0.029 0.025 0.035 0.003 0,001 0.001 0.0117 
24 0.002 0.009 0.042 0.050 0.004 0.008 0.004 0.002 0.014 0.023 0.010 0.022 0.011 0.010 0.003 0.003 0.003 0.004 0.004 0.007 0.013 0.015 0.003 0.004 0.0113 
25 0.009 0.001 0.001 0.001 0.001 0.001 0.002 0.003 0.008 0.052 0.033 0.017 0.005 0.006 0.012 0.007 0.006 0.006 0.010 0.056 0.080 0.034 0.013 0.004 0.0153 
26 0.002 0.003 0.002 0.002 0.002 0.001 0.001 0.002 0.008 NO 0.013 0.013 0.012 0.010 0.013 0.011 0.005 0.004 0.004 0.011 0.031 0.003 0.002 0.002 0.0068 
27 0.007 0.008 0.014 0.037 0.029 0.037 0.029 0.003 0.006 0.005 0.005 0.005 0.006 p.008 0.007 0.007 0.007 0.014 0.005 0.002 0.001 0.002 0.016 0.051 0.0130 
28 0.042 0.049 0.039 0.046 0.011 0.011 0.005 0.007 0.009 CAL 0.010 0.009 0.005 NO 0.006 0.002 0.002 NO 0.010 0,001 0.002 0.010 0.067 0.033 0.0179 
29 0.077 0.059 0.064 0.072 0.063 0.064 0.048 0.022 0.014 0.013 0.011 0.005 0.009 0.010 0.013 0.012 0.014 0.035 0.024 0.025 0.026 0.048 0.028 0.022 0.0324 

30 0.007 0.012 0.002 0.003 0.001 0.003 0.005 0.004 0.004 0.019 0.027 0.027 NO 0.035 0.008 0.021 0.018 0.054 0.024 0.023 0.005 0.026 0.019 0.002 0.0152 

Maximum Hourly Average was 0.082 at Hour 23 on Day 21 with 1 occurences and there were no Hourly Viol~tions 
Maximum Daily Average was 0.0324 on Day 29 with 1 occurences and there were no Daily Violations 
Operating Efficiency = 45.1 percent 

Monthly Average = 0.0149 

NO= no data, ZS =zero/span, CAL= calibration, IR = ~epair, RL =relocation, OFF.= off, AZS =daily zero/span, INS= insufficient data 
[CEM 19901 
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Hourly Averages for H2S in p~n 

3 4 5 6 7 

(, - ~ 

8 9 10 11 12 

- - -

13 14 15 16 17 18 19 20 21 22 23 

,.--\ 
I ' '--' 

24 Oai ly 
Day Average 

1 NO NO NO NO NO NO NO NO NO . NO NO NO NO NO· NO NO NO NO NO NO NO NO NO NO ***** 
2 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 

3 
4 

5 
6 
7 

8 
9 

10 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

NO NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO NO 
NO NO NO NO NO NO NO NO NO NO NO 

NO ***** 
NO ***** 
NO ***** 
NO ***** 
NO ***** 
NO ***** 
NO ***** 
NO ***** 
NO ***** 

11 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
12 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
13 NO NO NO NO Nn NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 

' 14 NO NO NO NO WV NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
15 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
16 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
17 NO NO NO NO ·NO NO NO 0.000 0.000 CAL 0.004 0.004 0.004 0.005 0.006 0.005 0.003 0.003 0.004 0.005 0.004 0.004 0.004 0.004 
18 0.004 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.004 0.004 0.003 0.004 0.005 0.004 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 

***** 
***** 
***** 
***** . 
***** 

0.0037 
0.0047 

19 0.004 0.004 0.004 0.004 0.004 0.005 0.004 0.005 CAL CAL 0.005 0.006 0.006 0.006 0.008 0.009 0.008 0.007 0.006 0.004 0.005 0.005 0.005 0.005 0.0054 
20 0.005 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.003 0.008 0.004 0.006 0.011 0.015 0.015 0.012 0.006 0.004 0.003 0.004 0.004 0.004 0.004 0.0058 
21 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.004 0.004 CAL 0.008 0.008 0.006 0.006 0.007 0.007 0.005 0.004 0.003 0.003 0.003 0.004 0.004 0.004 0.0050 
22 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.003 0.005 0.008 0.011 0.018 0.022 0.034 0.051 0.059 0.043 0.028 0.018 0.013 0.008 0.006 0.005 0.005 0.0152 
23 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 CAL 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.005 0.005 0.005 0.004 0.004 0.004 0.004 0.0045 
24 0.004 0.005 0.005 0.005 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.005 0.009 0.015 0.013 0.009 0.007 0.006 0.004 0.005 0.005 0.004 0.004 0.005 0.0057 
25 0.007 0.007 0.007 0.007 0.007 0.006 0.007 0.008 0.009 0.010 0.010 0.010 0.011 0.009 0.008 O.Q07 0.007 0.007 0.008 0.008 0.009 0.009 0.008 0.008 0.0081 
26 o.oo7 o.oo8 o.oo9 o.oo9 o.oo9 o.oo8 o.oo8 o.oo7 o.oo6 No o.oo8 o.oo7 o.oo7 o.oo8 o.oo9 o:o1o o.oo9 o.oo8 o.oo7 o.oo6 o.oo6 o.oo6 o.oo6 o.oo6· o.oo76 
27 0.006 0.006 0.006 0.006 0.006 0.007 0.007 0.007 0.006 0.006 0.007 0.008 0.007 0.007 0.007 0.006 0.005 0.005 0.005 0.006 0.006 0.006 P.006 0.006 0.0063 
28 0.005 0.005 0.006 0.006 0.006 0.006 0.006 0.005 0.006 CAL 0.008 0.009 0.012 NO 0.019 0.024 0.022 NO 0.016 0.011 0.009 0.008 0.007 0.006 0.0096 
29 0.006 0.005 0.006 0.006 0.006 0.006 0.006 0.005 0.005 0.006 0.008 0.010 0.012 0.015 0.016 0.012 0.009 0.007 0.006 0.005 0.005 0.005 0.005 0.005 0.0074 
30 0.005 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.005 0.006 0.006 0.007 NO 0.010 0.010 0.010 0.009 0.008.0.007 0.007 0.006 0.006 0.006 0.005 0.0067 

Monthly Average ~ 0.0069 

Maximum Hourly Average was 0.059 at Hour 16 on Day 22 with 1 occurences and there were no Hourly Violations 
Maximum Daily Average was 0.0152 on Day 22 with 1 occurences and there were no Daily Violations 
Operating Efficiency = 45.1 percent 
NO::: no data, ZS =zero/span, CAL::: calibration, IR = rCpair, RL =relocation, OFF= off, AZS =daily zero/span, JNS::: insufficient data 
[CEM 19901 
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Hour 2 

MEPA - Kuwait 

April 1991 
Hourly Averages for S02 in ppm 

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Oai ly 

Day Average 

1 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
2 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
3 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
4 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
5 NO NO NO NO NO NO NO NO NO NO NO . NO NO. NO NO NO NO NO . NO NO NO NO NO NO ***** 
6 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
7 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
8 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
9 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 

10 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
11 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
12 NO NO NO NO NO NO NO NO NO NO NO NO NO ,NO NO NO NO NO NO NO NO NO NO NO ***** 
13 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
14 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
15 NO NO NO NO Nb NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
16 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
17 NO NO NO NO NO NO NO 0.008 0.006 CAL 0.007 0.007 0.008 0.006 0.006 0.005 0.006 0.010 0.012 0.017 0.020 0.017 0.021 0.039 0.0122 
18 0.108 0.145 0.083 0.040 0.030 0.011 0.009 0.009 0.008 0.008 0.011 0.013 0.014 0.014 O.Q19 0.015 0.014 0.015 0.014 0.014 0.016 0.017 0.016 0.015 0.0274 
19 0.017 0.032 0.026 0.017 0.015 0.016 0.012 0.019 CAL CAL 0.018 0.015 0.011 0.020 0.019 0.019 0.020 0.010 0.007 0.008 0.013 0.015 0.016 0.032 0.0171 
20 0.036 0.053 0.056 0.041 0.027 0.012 0.015 0.023 0.021 0.036 0.026 0.021 0.018 0.018 0.019 0.008 0.007 0.007 0.009 0.047 0.030 0.048 0.041 0.017 0.0265 
21 0.007 0.006 0.018 0.016 0.014 0.013 0.004 0.004 0.006 CAL 0.012 0.005 0.004 0.004 0.003 0.004 0.019 0.008 0.006 0.006 0.008 0.022 0.030 0.028 0.0107 
22 0.032 0.022 0.021 0.019 0.023 0.021 0.009 0.016 0.011 0.016 0.011 0.027 0.015 0.025 0.033 0.035 0.022 0.012 0.009 0.012 0.001 0.001 0.014 0.049 0.0190 
23 0.040 0.027 0.013 0.014 0.010 0.010 0.012 0.010 0.005 CAL 0.007 0.003 0.001 0.004 0.009 0.019 0.022 0.021 0.021 0.013 0.016 0.001 0.001 0.002 0.0122 
24 o.oo2 o.oo5 0.015 o.018 0.002 o.oo3 o.oo3 o.oo2 o.oo4 o.oo8 o.018 o;o26 0.021 0.018 o.oo4 0.001 o.oo1 o.ooo 0.001 o.oo5 o.oo6 o.oo2 o.oo3 0.133 o.0125 
25 0.269 0.053 0.039 0.010 0.001 0.002 0.089 0.148 0.107 0.098 0.120 0.109 0.077 0.044 0.035 0.026 0.010 0.006 0.007 0.008 0.014 0.013 0.011 0.010 0.0544 
26 0.035 0.270 0.326 0.247 0.041 0.017 0.012 0.009 0.009 NO 0.025 0.011 0.0\0 0.003 0.009 0.007 0.003 0.002 0.002 0.004 0.016 0.001 0.008 0.030 0.0477 
27 0.027 0.036 0.071 0.138 0.126 0.151 0.139 0.074 0.040 0.043 0.025 0.006 0.018 0.014 0.021 0.017 0.016 0.008 0.002 0.009 0.001 0.000 0.008 0.022 0.0422 
28 0.016 0.020 0.017 0.025 0.008 0.007 0.001 0.011 0.002 CAL 0.006 0.004 0.003 NO 0.007 0.008 0.006 NO 0.005 0.002 0.001 0.003 0.022 0.012 0.0089 
29 0.029 0.025 0.028 0.030 0.028 0.028 0.023 0.011 0.008 0.008 0.009 0.006 0.007 0.008 0.016 0.014 0.012 0.016 0.009 0.006 0.008 0.005 0.004 0.003 0.0142 
30 0.003 0.003· 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.011 0.013 0.016 NO 0.025 0.010 0.013 0.003 0.012 0.013 0.014 0.004 0.009 0.009 0.002 0.0070 

Monthly Average = ·o.0227 

Maximum Hourly Average was 0.326 at Hour 3 on Day 26 with 1 occurences ar.d the Number of Hourly Violations were JL 
Maximum Daily Average was 0.0544 on Day 25 with 1 occurcnces and there were no Da"ily Violations 

Operating Efficiency = 45.1 percent 

NO= no data, zs =zero/span, CAL= calibration, IR ='repair, Rl =relocation, OF~= off, AZS =daily zero/span, INS= insufficient data 

[CEM 1990J 
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0 
MEPA · Kuwait 

April 1991 
Frequency Distribution 

Hourly Averages for 502 in ppm 

Concentration # of Hours 

o.ooo 0.020 230 
0.021 0.060 68 
0.061 0.110 9 
0.111 0.170 8 
0.171 0.340 4 

0.341+ 0 

G 

Percentage 

72.1 
21.3 
2.8 
2.5 
1.3 
0.0 

0 
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Hour 2 

- - -
MEPA ~ Kuwait 

May 1991 

-
Hourly Averages for Direction(dcgrees) 

'3 4 5 6 7 8 

- -

9 10 11 

.. 
/ \ 
U- ~· 

_{)_. 

12 13 14 15 16 17. 18 19 20 21 22 23 24 Oaily 
Day Average 

1 282 277 284 287 286 278 272 279 294 312 340 333 338 349 74 94 126 0 0 354 11 329 278 284 316.70 
2 240 241 241 238 253 255 254 269 283 306 307 328 355 301 298 317 329 330 328 322 316 310 311 315 294 .'4 7 

3 318 325 328 329 329 326 329 331 332 0 334 332 330 331 338 335 333 333 343 334 328 315 304 320 329.86 
4 325 322 324 329 330 318 308 313 312 314 312 306 307 308 311 312 323 318 321 328 307 287 280 271 312.12 
5 284 295 273 268 270 279 284 282 '289 382 0 309 311 316 318 311 314 313 313 311 298 273 298 292 297.43 
6 283 264 258 264 268 269 275 277 292 304 310 308 314 309 305 308 0 0 0 0 0 0 0 0 311.46 
7 0 0 0 0 0 0 0 0 0 u 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.00 
8 0 0 0 0 0 0 0 ' 0 0 0 0 0 299 218 172 99 130 147 162 172 213 229 243 251 340.27 
9 242 268 276 276 272 288 304 322 358 9 0 22 56 73 87 115 125 146 149 189 203 208 230 244 264.97 

10 246 249 270 306 315 312 315 308 308 0 313 328 329 326 321 323 319 324 325 332 330 330 317 284 313.15 
11 265 277 285 258 276 298 304 309 312 315 . 315 311 315 315 314 317 326 328 332 333 330 326 325 308 308.55 
12 278 281 259 265 271 277 286 316 341 0 314 315 306 308 309 316 335 332 349 106 50 45 91 114 318.94 
13 227 266 264 260 256 259 269 269 282 321 347 349 330 325 290 198 107 85 230 245 254 267 276 248 272.39 
14 265 261 262 262 249 240 248 252 261 262 294 319 80 72 107 123 124 147 153 156 168 179 206 237 217.51 
15 240 248 239 247 ' 250 241 241 255 253 0 358 43 47 47 66 75 90 101 119 133 151 160 124 108 145.60 
16 109 114 124 144 184 
17 328 330 335 333 334 
18 328 330 335 333 334 

205 196 330 140 337 339 
332 333 330 0 337 339 
332 333 328 339 338 335 

345 345 340 343 346 348 339 
345 345 349 343 346 348 339 
337 338 333 336 338 332 334 

336 
336 
335 

351 
351 
336 

346 
346 
333 

333 
335 
331 

334 
334 
329 

327 345.96 
327 338.94 
326 333.46 

19 324 321 320 306 295 294 312 324 330 329 0 333 330 333 336 340 342 344 344 341 344 329 324 315 328.00 
20 304 305 310 301 272 266. 270 285 305 319 310 311 317 334 335 336 341 12 8 8 3 353 328 292 319.23 
21 282 278 260 253 245 239 245 263 274 0 39 111 73 '101 127 137 140 144 151 129 199 223 286 297 216.37 
22 288 284 291 306 330 332 334 339 347 352 352 359 6 8 11 11 12 11 355 345 11 . 9 357 344 345.85 
23 349 8 7 352 338 316 355 345 10 8 359 0 335 343 339 324 320 321 324 333 320 338 341 306 ~41.30 

24 286 279 280 279 276 279 318 321 323 355 347 336 331 332 333 337 337 342 353 345 335 326 322 325 321.34 
25 321 323 318 310 312 318 326 325 314 0 320 311 317 327 324 326 334 333 333 344 337 318 304 309.323.41 
26 313 321 305 289 272 274 282 301 311 317 322 337 348 . 330 348 63 103 104 124 139 167 196 226 252 302.09 
27 251 242 245 242 234 233 225 225 262 0 319 312 319 321 0 0 321 314 317 319 311 312 315 311 294.20 
28 319 320 317 323 321 320 325 326 330 335 336 332 326 326 327 331 335 334 335 333 333 332 327 328 327.96 
29 329 328 329 332 329 329 329 329 330 0 328 331 325 329 332 339 343 344 340 339 344 329 327 328 333.37 
30 329 329 330 329 330 328 326 315 319 334 337 332 333 333 341 . 347 352 359 333 352 346 336 328 328 334.38 
31 327 327 339 357 342 337 344 334 336 343 350 350 355 0 1 356 351 345 332 325 327 324 326 328 340.65 

Operating Efficiency for Yind Direction= 100.0 percent 
Last Instrument Calibration Dnte ~ unknown 
[CEMJ 

Monthly Average = 321 

** = missing or no data 



MEPA ~ Kuwait 
May 1991 

Hourly Averages for Wind Speed(meters/sec) 

Hour 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Daily 
0~ A~r~c 

1 2.7 2.4 2.7 2.4 3.0 2.5 2.4 2.6 2.6 2.2 2.4 2.5 1.3 1.4 0.9 1.1 1.5 0.0 0.0 0.0 0.7 0.9 0.8 0.0 1.63 
2 0.4 0.4 0.9 0.6 1.0 2.2 3.0 3.0 ~.6 4.2 1.3 2.3 2.7 1.9 2.2 3.3 4.8 6.3 4.9 4.5 4.3 5.7 6.2 5.6 3.14 
3 5.5 4.9 5.6 6.3 6.2 6.1 6.5 6.7 7.1 0.0 5.0 6.8 6.8 7.1 6.2 6.3 6.2 4.8 3.8 3.5 2.9 2.5 4.0 3.5 5.18 
4 3.8 3.1 3.4 4.5 4.6 3.7 4.8 4.7 6.0 5.9 7.0 7.6 7.1 7.2 7.2 6.6 5.5 4.5 3.3 2.8 2.2 2.3 2.5 2.3 4.69 
5 3.1 3.4 2.9 2.3 2.2 2.9 3.8 ~.0 4.6 4.9 0.0 6.5 6.4 5.7 5.8 6.2 5.8 4.7 3.1 2.5 2.5 2.1 2.3 1.8 3.73 
6 2.4 2.7 2.9 3.5 3.7 3.7 4.4 3.9 4.6 5.9 6.5 6.2 5.3 5.1 5.7 4.2 0.0 o.o 0.0 0.0 0.0 0.0 0.0 0.0 2.95 
7 o.o 0.0 0.0 0.0 0.0 0.0 0;0 o.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.o 0.0 0.0 0.00 
8 0.0 0.0 0.0 O.Q 0.0 0.0 0.0 0.0 O;O 0.0 0.0 0.0 1.5 1.0 2.4 4.2 4.1 4.3 3.2 3.8 3.0 3.3 3.2 3.0 1.54 
9 3.8 3.7 2.4 1.8 1.9 2.1 1.9 1.6 1.8 2.4 1.8 2.7 3.3 4.1 3.8 3.3 3.7 3.3 3.0 4.1 4.0 3.9 3.9 5.1 3.06 

10 4.7 4.9 6.6 6.1 4.7 6.0 5.0 7.3 ·7.9 0.0 6.4 6.5 6.5 6.9 6.7 6.8 5.7 4.7 4.2 3.5 3.9 3.4 2.6 2.4 5.14 
11· 2.3 2.6 3.3 2.2 2.8 3.9 4.8 4.6 6.2 6.1 7.6 7.9 7.7 8.1 7.4 7.2 6.5 6.4 5.9 4.5 4.0 3.5 2.7 3.1 5.05 
12 2.1 2.5 2.9 2.8 . 2.6 2.5 3.6 4.2 3.8 0.0 4.3 5.3 6.0 6.4 5.8 5.3 4.6 4.4 2.5 1.1 1.3 1.7 0.8 0.3 3.20 
13 1.3 2.3 3.1 3.2 3.2 3.4 3.3 3.4 2.~ 2.0 1.9 2.5 2.3 2.6 3.0 3.5 2.9 2.7 2.3 2.4 2.0 1.9 1.7 1.6 2.56 
14 2.4 3.2 3.3 3.1 3.3 3.6 3.7 3.5 4.6 3.4 2.9 2.7 3.8 4.2 3.9 4.4 5.5 4.7 3.6 3.1 3.6 2.3 0.2 2.6 3.40 
15 2.4 2.4 3.4 3.2 3.0 2.5 3.5 3.3 2.1 0.0 2.1 3.6 5.0 5.6 5.9 5.3 4.7 4.4 3.7 2.9 2.4 1.8 1.4 1.8 3.18 
16 1.7 0.5 0.4 0.6 1.3 2.5 2.1 7.0 2.7 7.7 7.4 6.7 6.9 7.2 6.8 6.6 6.0 5.6 4.7 4.2 3.8 4.2 3.7 3.7 4.33 
11 3.6 3.8 4.6 3.7 3.7 4.1 4.6 1.0 o.o· 1.1 7.4 6.7 6.9 7.2 6.8 6.6 6.0 5.6 4.7 4.2 3.8 4.2 3.7 3.7 5.01 
18 3.6 3.8 4.6 3.7 3.7 4.1 4.6 5.0 5.7 8.3 7.4 7.8 8.3 8.1 7.9 7.7 6.8 6.1 5.2 5.1 4.7 4.7 4.2 4.2 5.64 
19 4.3 3.8 3.7 3.6 3.3 4.0 5.5 6.0 6.5 7.1 0.0 8.6 8.6 8.8 8.1 8.0 7.9 7.0 5.2 4.2 3.4 3.7 3.3 3.0 5.32 
20 3.9 4.5 4.3 4.0 3.2 3.8 3.8 5.0 5.6 6.0 6.3 6.2 6.3 5.9 6.1 6.1 5.6 5.0 4.8 3.3 2.8 1.9 1.2 1.8 4.47 
21 1.9 2.3 3.3 3.8 4.1 4.2 4.2 4.1 4.4 0.0 2.8 4.4 4.6 5.6 6.1 6.2 5.7 4.9 4.1 1.6 1.0 2.0 2.2 2.0 . 3.56 
22 1.6 0.6 1.4 2.6 3.1 3.8 3.6 3.9 4.4 5.1 5.1 5.4 6.5 6.5 6.6 7.0 6.3 5.9 3.9 4.5 4.3 3.3 3.0 3.3 4.24 
23 2.7 2.5 2.1 1.6 1.7 2.1 3,5 4.1 4.9 4.8 4.9 o.o 4.8 5.2 5.4 5.8 5.5 5.7 4.7 3.9 3.1 3.2 1.8 2.0 3.58 
24 2.8 2.9 3.2 2.7 2.4 2.6 2.4 2.8 3.0 2.3 4.2 5.8 6.9 7.2 7.8 7.2 7.0 5.8 4.9 4.3 4.2 3.6 3.6 3.7 4.30 
25 3.7 3.6 3.5 4.0 4.3 4.3 5.5 5.2 6.6 0.0 7.9 8.3 8.6 7.5 7.2 6.5 5.9 5.2 3.7 3.0 3.2 2.5 3.2 3.1 4.85 
26 2.4 2.2 2.5 2.5 2.4 3.2 3.6 4.1 3.9 4.4 4.6 4.6 4.1 4.5 4.3 4.5 3.5 2.0 2.1 2.0 1.4 2.1 2.1 3.2 3.17 
21 3.4 4.2 3.5 3.8 3.6 3.8 3.9 4.2 4.4 ·o.o 5.6 5.6 6.0 6.4 o.o .o.o 1.0 6.5 5.4 4.9 6.1 6.3 5.7 6.0 4.43 
28 5.1 4.6 5.1 4.5 4.3 4.6 4.9 5.0 5.8 6.8 7.9 8.1 7.8 8.1 8.0 7.1 7.4 6.3 5.7 4.7 4.2 4.6 5.1 5.5 5.88 
29 5.7 5.8 5.5 5.0 4.6 . 5.0 5.9 6.8 6.7 0.0 7.9 7.9 8.1 7.3 7.7 6.8 6.5 5.8 5.2 4.8 3.2 2.6. 3.2 4.7 5.53 
30 5.0 5.1 5.6 4.7 4.3 4.3 3.9 4.3 4.2 5.0 6.7 7.2 6.9 7.3 7.4 7.1 5.9 5.1 5.2 5.4 4.4 4.1 3.8 4.1 5.29 
31 4.7 5.0 5.0 4.9 4.1 4.0 3.4 5.7 5.8 5.0 5.4 4.9 5.2 5.6 5.6 5.0 4.3 3.5 3.1 3.7 3.8 3.1 3.6 3.7 4.50 

Maximum Hourly Average Wind Speed was 8.8 meters/sec at Hour 14 on Day 19 
Maximum Daily Average Wind Speed was 5.88 meters/sec on Day 28 
Operating Efficiency for Wind Speed= 100.0 percent 
last Instrument Calibration Date~ unknown 
[CEMJ 

u 

** = missing or no dota 

0 

Monthly Average = 3.95 

0 
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Hour 

MEPA ~ Kuwait 
May 1991 

Hourly Averages for Wind Speed(meters/sec) and Direction 

2 3 4 s 6 7 8 9 10 II 12 13 14 IS 16 17 18 19 20 21 22 23 24 

Day ,---------------------------------------------------------------------
1 3YNY 2Y 3YNY 2YNY 3YNY 2Y 2Y 3Y 3YNY 2NY 2NNY 2NNY INNY IN IENE IE 2SE ON ON ON IN INNY IY OYNY 
2 OYSY OYSW IYSW IWSW IWSW 2WSW 3WSY 3W 4WNY 4NW INW 2NNW 3N 2WNW 2WNW 3NW SNNW 6NNW SNNW 4NW 4NW 6NW 6NW 6NW 
3 6NW SNW 6NNW 6NNW 6NNW 6NW 6NNW 7NNW 7NNW ON SNNW 7NNW 7NNW 7NNW 6NNW 6NNW 6NNW SNNW 4NNW 4NNW 3NNW 2NW 4NW 4NW 
4 4NW 3NW 3NW 4NNW SNNW 4NY SNW SNY 6NW 6NW 7NW 8NW 7NW 7NW 7NW 7NW 6NY 4NW 3NW 3NNW 2NW 2WNW 2W 2W 
S 3WNW 3YNW 3Y 2Y 2W 3Y 4WNW 4WNW SYNY SWNW ON 6NW 6NW 6NW 6NY 6NW 6NW SNY 3NW 2NW 2WNW 2W 2WNW 2YNW 
6 2YNW 3Y 3WSY 4W 4W 4W 4Y 4W SWNW 6NW 6NW 6NW SNW SNW 6NW 4NW ON ON ON ON ON ON ON ON 
7 ON ON ON ON ON ON ON ON ON ON ON ON ON ON ON ON ON ON ON ON ON ON ON ON 
8 ON ON ON ON ON ON ON ON ON ON ON ON 2WNW ISW 2S 4E 4SE 4SSE 3SSE 4S 3SSW 3SW 3WSW 3WSW 
9 4WSY 4Y 2W 2W 2W 2WNW 2NY 2NW 2N 2N 2N 3NNE 3NE 4ENE 4E 3ESE 4SE 3SE 3SSE 4S 4SSW 4SSW 4SW SWSW 

10 SYSW SYSW 7Y 6NW SNY 6NY SNW 7NY 8NW ON 6NW 6NNW 6NNW 7NW 7NW 7NY 6NW SNW 4NW 4NNW 4NNW 3NNW 3NW 2WNY 
II 2W 3W 3YNW 2WSW 3W 4WNW SNW SNY 6NW 6NW 8NW 8NW 8NW 8NW 7NW 7NW 6NW 6NNW 6NNW 4NNW 4NNW 4NW 3NW 3NW 
12 2W 2W 3W 3W 3W 2W 4YNW 4NY 4NNW ON 4NW SNY 6NW 6NW 6NW SNW SNNW 4NNW 2N lESE INE 2NE IE OESE 
13 I SW 2W 3W 3W 3YSW 3W 3W 3W 3WNW 2NW 2NNW 2N 2NNW 3NW 3WNW 4SSW 3ESE 3E 2SW 2WSW 2WSW 2W 2W 2WSW 
14 2Y 3W 3W 3W 3~,W 4WSW 4WSW 4WSW SW 3W 3WNW 3NW 4E 4ENE 4ESE 4ESE 6SE SSSE 4SSE 3SSE 4SSE 2S OSSW 3WSW 
IS 2WSW 2WSW 3WSW 3WSW 3WSW 2WSW 4WSW 3WSW 2WSY ON 2N 4NE SNE 6NE 6ENE SENE SE 4E 4ESE 3SE 2SSE 2SSE ISE 2ESE 
16 2ESE OESE OSE ISE IS 2SSW 2SSW 7NNW 3SE 8NNW 7NNW 7NNW 7NNW 7NNW 7NNW 7NNW 6NNW 6NNW SNNW 4N 4NNW 4NNW 4NNW 4NNW 
17 4NNY 4NNY SNNY 4NNW 4NNY 4NNW SNNW 7NNW ON 8NNY 7NNY 7NNW 7NNY 7N 7NNY 7NNY 6NNY 6NNW SNNW 4N 4NNY 4NNW 4NNY 4NNY 
18 4NNW 4NNY SNNW 4NNW 4NNY 4NNY SNNW SNNW 6NNW 8NNY 7NNY BNNW 8NNY BNNW 8NNY BNNY 7NNY 6NNW SNNW SNNY SNNW SNNW 4NNY 4NY 
19 4NW 4NY 4NY 4NW 3YNW 4YNW 6NY 6NY 6NNY 7NNY ON 9NNY 9NNW 9NNW BNNW BNNY 8NNY 7NNW SNNW 4NNW 3NNY 4NNY 3NY 3NY 
20 4NW 4NY 4NY 4YNW 3W 4W 4Y SWNY 6NY 6NY 6NY 6NW 6NW 6NNW 6NNY 6NNY 6NNY SNNE SN 3N 3N 2N INNY 2YNY 
21 2YNY 2W 3Y 4YSW 4WSW 4WSW 4YSW 4W 4W ON 3NE 4ESE SENE 6E 6SE 6SE 6SE SSE 4SSE 2SE ISSY 2SY . 2WNW 2YNW 
22 2WNW IYNW IWNY 3NW 3NNW 4NNW 4NNW 4NNW 4NNY SN SN SN 6N 6N 7N 7N 6NNE 6N 4N 4NNW 4N 3N 3N 3NNW 
23 3N 2N 2N 2N 2NNW 2NW 4N 4NNW SN SN SN ON SNNW SNNW SNNW 6NW 6NW 6NY SNW 4NNW 3NW 3NNY 2NNW 2NY 
24 3YNW 3Y 3W 3W 2W 3Y 2NW 3NW 3NW 2N 4NNW 6NNW JNNW 7NNW 8NNW 7NNW 7NNW 6NNW SN 4NNW 4NNY 4NW 4NW 4NW 
2S 4NW 4NW 4NW 4NW 4NW 4NY 6NW SNW 7NY ON 8NW ·oNW 9NW 8NNW 7NW 6NY 6NNY SNNW 4NNW 3NNW 3NNW 2NW 3NW 3NW 
26 2NW 2NW 2NW 2WNW 2W 3W 4WNW 4WNW 4NY 4NW SNW SNNW 4NNW 4NNW 4NNW 4ENE 4ESE 2ESE 2SE 2SE ISSE 2SSW 2SW 3WSW 
27 3WSW 4WSW 4WSW 4WSW 4SW 4SW 4SW 4SW 4W ON 6NW 6NW 6NW 6NW ON ON 7NW 6NW SNW SNW 6NW 6NW 6NW 6NW 
e~S~S~~4~S~~S~Y~n~~~~~~~~n~~-Y~S~4N~SN~SN~.Y~ 

29 6NNY 6NNW 6NNW SNNW SNNY SNNW 6NNW 7NNW 7NNW ON 8NNW 8NNY 8NW 
30 SNNW SNNW 6NNW SNNW 4NNW 4NNW 4NW 4NW 4NW SNNW 7NNW 7NNY 7NNW 
31 SNNW SNNW SNNW SN 4NNW 4NNY 3NNW 6NNW 6NNW SNNW SN SN SN 

7NNY 8NNW 7NNY 6NNY 6NNW SNNW SNNW 3NNW 3NNW 3NNW SNNW 
7NNY 7NNW 7NNW 6N SN SNNW SN 4NNW 4NNW 4NNY 4NNW 
6N 6N SN 4N 4NNW 3NNW 4NW 4NNW 3NW 4NW 4NNW 

Daily 

Average 
2NW 
3WNW 
SNNW 
SNW 
4YNY 
3NY 
ON 
2NNW 
3W 
SNW 
SNW 
3NW 
3W 
3SW 
3SE . 
4NNW 
SNNY 
6NNW 
SNNW 
4NY 
4SW 
4NNY 
4NNY 
4NW 
SNY 
3WNW 
4WNW 
6NNY 
6NNY 
SNNY 
SNNY 

Monthly Average = 4NW 

Maximum Hourly Average Wind Speed was 9 meters/sec at Hour 14 on Day 19 and Wind Direction was from the NNW. 
Maximum Daily Average Wind Speed was 6 meters/sec on Day 28 and Wind Direction was from the NNW 
Operating Efficiency for Wind Speed= 100.0 percent Operating Efficien~y for Wind Direction= 100.0 percent ** = missing or no data. 

Last Instrument Calibration Date- unknown 
[CEMJ 



MEPA · Kuwait 
May 1991 

Hourly Averages for Pressure in millibars 

Hour 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Daily 
Day Average 

1 1003 1001 1001 1001 1001 1001 1001 1001 1002 1008 1014 1014 1014 1016 1018 1017 1016 NO NO 1018 1013 1010 1008 1006 1008.4 
2 1005 1004 1003 1002 1000 999 999 1000 1002 1005 1006 1007 1007 1008 1008 1008 1008 1007 1008 1007 1007 1008 1008 1008 1005.2 
3 1008 1007 1007 1007 1007 1007 1007 1005 1004 NO 1007 1007 1008 1011 1011 1012 1011 1010 1008 1006 1005 1005 1005 1005 1007.4 
4 1004 1004 1004 1004 1003 1004 1003 1002 1006 1009 1009 1010 1012 1014 1015 1016 1015 1014 1011 1009 1009 1008 1008 1007 1008.3 
5 1007 1007 1007 1007 1007 1007 1007 1007 1008 1009 NO 1013 1016 1017 1018 1019 1018 1016 1014 1011 1009 1009 1008 1007 1010.8 
6 1007 1007 1006 1006 1007 1006 1007 1006 1007 1009 1012 1014 1015 1016 1017 1017 NO NO NO NO NO NO NO NO 1009.9 
7 NO NO NO NO NO ND ND ND NO NO NO NO ND NO NO NO NO ND NO NO NO NO NO NO ***** 
8 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 1002 1003 1002 998 995 994 993 992 990 996.6 
9 989 987 988 989 989 989 991 994 991 992 995 1000 1004 1007 1009 1010 1009 1006 1002 998 996 995 995 994 996.6 

10 994 993 992 993 992 991 991 992 993 NO 1003 1005 1005 1002 1001 999 996 993 990 990 990 991 992 993 994.8 
11 992 992 992 991 991 990 991 993 997 998 1000 1000 1001 1002 1003 1003 1002 1001 998 995 993 991' 989 988 995.5 
12 987 987 987 986 986 987 987 990 992 NO 997 1001 1003 1004 1005 1005 1005 1003 1000 996 993 991 989 988 994.3 
13 986 986 985 985 985 985 985 986 990 992 995 995 997 999 1000 1000 1003 999 996 995 995 992 990 988 992.0 
14 990 990 990 990 990 990 990 990 992 994 998 1003 1001 998 997 997 995 993 994 993 992 992 991 990 993.3 
15 990 ,990 990 990 990 990 990 990 992 NO 997 1002 1005 1008 1011 1012 1010 1007 1003 1001 998 996 994 993 997.8 
16 991 990 990 990 990 990 991 992 994 995 993 990 993 992 992 991 990 988 986 985 987 987 988 988 990.1 
17 988 989 989 
18 993 991 990 
19 986 985 985 
20 987 985 985 
21 989 988 986 
22 988 987 987 
23 991 989 987 
24 987 ' 987 987 
25 987 
26 986 
27 988 
28 991 
29 985 
30 986 
31 986 

987 987 
985 .984 

986 985 
989 987 
983 983 
985 984 
984 983 

989 
989 
985 
985 
985 
986 
989 
987 
987 
985 
985 
986 
983 
983 
982 

988 987 989 
988 986 986 
985 985 985 
985 985 984 
984 983 984 
986 986 986 
991 992 992 
987 987 987 
987 987 987 
985 985 985 
985 985 985 
984 983 983 
983 984 984 
983 984 984 
983 984 983 

990 NO 995 
987 988 1000 
958 987 990 
986 990 995 
986 991 NO 
987 989 993 
992 992 992 
987 987 987 

997 1000 1002 1004 1006 1007 1007 1005 1002 1000 
997 999 1000 1001 1002 1002 1 002 1000 997 994 

NO 996 997 998 1000 1000 1000 998 996 993 
999 1002 1005 1008 1012 1015 1016 1013 1007 1002 
998 1002 1003 1004 1006 1004 1001 998 995 993 
995 996 '997 998 1000 999 998 996 994 993 
993 NO 995 996 997 997 997 994 992 989 
989 991 993 995 996 997 997 995 992 990 

998 
992 
991 
998 
991 
992 
987 
989 

997 
990 
989 
995 
989 
991 
987 
988 

987 
986 
987 
984 
984 
983 
984 

988 
989 
990 
987 
985 
985 
985 

NO 993 996 1000 1001 1002 1004 1003 1001 999 995 993 991 
993 997. 1001 1094 1006 1009 1010 1008 1005 1001 998 994 992 

NO 1001 1005 1008 1011 NO NO 1014 1014 1010 1006 1003 1000 

990 995 996 997 999 1000 1000 1000 998 996 993 991 989 
NO 994 995 

987 989 991 
987 989 1000 

997 999 1001 1002 1002 1000 
993 996 999 1000 1000 998 
998 999 999 999 998 997 

998 996 
997 994 
995 993 

993 
992 
991 

991 
990 
990 

996 
988 
987 
993 
988 

991 
987 

988 
989 
990 
997 
987 
989 
989 

989 

994 
987 
988 
991 
988 
991 
987 
988 
987 
988 
994 
986 
988 
987 
988 

Monthly Avera9e ~ 

Maximum Hourly Average was 1019 at Hour 16 on Day 5 with 1 occurences 
Maximum Daily Average was 1010.8 on Day 5 with 1 occurences 
Operating Efficiency = 91.5 percent 
NO= no data, zs =zero/span, CAL= calibration, IR =repair, RL. =relocation, OFF~ off, AZS =daily zero/span, INS= insufficient data 
[CEM 1990) 
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996.5 
993.7 
989.7 
996.8 
992.9 
991.9 
991.5 
989.9 
993.0 
994.4 

997.1 
991.3 
991.3 
990.0 
990.3 
996.2 
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KUWAIT 
Hourly Barometric Pressure May, 1 9 9 1 
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Diurnal Pressure - May, 1 9 9 1 
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MEPA · Kuwait 

May 1991 
Hourly Averages for Solar Radiation in Yatts/ M2. 

1 . 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

1 0 0 0 0 0 8 39 72 134 357 293 289 " 250 270 239 129 75 NO NO 0 0 0 0 0 
2 0 0 0 0 0 7 30 70 41 0 0 1 6 10 4 34 44 15 0 0 0 0 0 0 
3 0 0 0 0 1 45 105 165 202 NO 277 383 449 496 · 508 317 157 42 1 0 0 0 0 0 
4 0 0 0 0 1 58 97 126 434 568 670 710 693 645 549 403 235 72 1 0 0 0 0 0 
5 0 0 0 0 2 59 117 178 440 585 NO 717 696 647 549 408 241 74 1 0 0 0 0 0 
6 0 0 0 0 5 86 68 108 464 551 634 701 667 618 458 276 NO NO NO NO NO NO NO NO 
7 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
8 NO NO NO NO NO NO NO 3 108 195 NO 326 357 325 361 393 242 85 4 0 0 0 0 0 
9 D 0 0 0 1 29 60 92 221 299 540 642 621 553 454 333 190 52 1 0 0 0 0 0 

10 0 0 0 0 4 45 136 272 423 NO 571 629 571 487 469 268 118 36 2 0 0 0. 0 0 
11 D 0 0 D 4 25 64 123 427 540 609 649 638 597 483 374 219 54 1 0 0 0 0 0 
12 0 0 0 0 4 76 52 443 491 NO 637 606 633 597 417 346 208 71 1 0 0 0 0 0 
13 0 0 0 0 2 49 129 175 209 223 224 268 273 271 205 157 101 1 0 0 0 0 0 D 

14 0 0 0 0 0 24 69 141 153 320 452 582 516 533 485 298 115 24 0 0 0 0 0 0 
15 0 0 0 0 5 46- 75 59 185 NO 476 644 663 618 516 390 222 77 4 0 0 0 0 0 
16 0 0 0 0 2 37 84 118 83 80 85 63 124 278 145 68 118 65 5 0 0 D 0 D 
17 0 0 0 0 0 18 50 80 NO 272 342 439 456 438 363 257 · 150 54 3 0 0 0 0 0 
18 0 D 0 0 1 37 51 103 408 649 581 653 649 582 540 409 205 72 5 0 0 0 0 0 
19 0 0 0 0 2 63 153 236 528 632 NO 815 701 666 614 446 260 104 6 0 0 0 0 0 
20 0 0 0 0 3 70 160 115 538 669 746 799 778 709 610 455 257 74 4 0 0 0 0 0 
21 0 0 0 0 5 66 147 181 362 NO · 580 640 633 613 356 187 52 10 1 0 0 0 0 0 
22 0 0 0 0 1 14 60 168 190 233 197 256 290 276 229 148 63 22 2 0 0 0 0 0 
23 0 0 0 0 2 18 47 159 315 311 454 NO 674 652 57 398 238 88 6 0 0 0 0 0 
24 0 0 0 0 5 29 98 134. 203 375 525 562 556 642 590 432 225 68 3 0 0 0 0 0 
25 0 0 0 0 12 97 22 103 367. NO 709 757 755 734 654 507 356 137 10 . 0 0 0 0 0 
26 0 0 0 0 2 39 48 141 434 548 636 693 703 672 585 428 262 89 5 0 0 0 0 0 
27 0 0 0 0 2 16 13 98 355 NO 640 637 695 669 NO NO 551 62 9 0 0 0 0 0 
28 0 0 0 0 3 52 122 124 453 588 634 704 728 715 636 482 271 80 5 0 0 0 0 0 
29 0 0 0 0 8 71 172 202 470 NO 699 749 754 712 629 484 291 105 7 0 0 0 0 0 
30 0 0 0 0 2 34 91 110 153 270 356 429 561 675 559 376 193 51 4 0 0 0 0 0 
31 0 0 0 0 2 20 82 142 273 366 382 420 424 386 338 213. 125 52 6 0 0 0 0 0 

1-----------------------------------------------i Monthly Average = 

Maximum Hourly Average was 
Maximum Daily Average was 

815 at Hour 12 on Day 19 with 1 occurences 
289.8 on Day 6 with 1 occurences 

Operating Efficiency = 92.5 percent 
NO= no data, ZS =zero/span, CAL= calibration, IR =lrepair, Rl =relocation, OFF= off, AZS =daily zero/span, INS= insufficient data 
[CEM 1990] 

Daily 
Average 

98.0 
10.9 

136.9 
219.3 
205.0 
289.8 

***** 
149.9 
170.3 
175.3 
200.3 
199.2 
95.3 

154.7 
173.0 
56.5 

127.0 
206.0 
227.2 
249.5 
166.7 
89.5 

148.7 
185.3 
227.0 
220.2 
178.4 
233.2 
232.7 
161.0 
134.6 
169.5 



KUWAIT 
Hourly Solar Radiation - May, 1 9 9 1 
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MEPA ~ Kuwait 
May 1991 

Hourly Averages for Relative Humidity in Per Cent 

Hour 2 3 4 5 6 7 8 9 . 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Daily 
Day Average 

1 15.1 15.6 16.5 17.8 18.9 19.7 20.2 19.8 19.2 17.7 15;3 14.5 14.0 13.1 12.9 13.3 14.2 NO NO 16.3 15.9 15.3 16.6 17.6 16.34 
2 18.2 18.6 18.3 18.2 18.2 18.2 18.0 17.6 17.5 17.6 18.4 20.2 21.4 22.6 24.6 25.4 26.4 28.2 30.3 31.2 29.9 28.2 27.6 27.8 22.61 
3 28.0 28.0 27.4 27.3 29.5 31.1 30.9 29.9 29.1 NO 27.5 24.5 21.8 .18.8 ·17.0 17.0 18.0 18.3 19.5 20.2 21.2 21.7 21.3 21.9 23.91 
4 22.9 23.7 25.4 25.9 24.9 25.1 24.0 22.8 20.9 16.5 16.7. 15.3 14.2 12.9 11.9 11.3 11.0 1'1.9 13.4 15.3 16.5 16.6 16.2 16.1 18.06 
5 16.5 16.6 16.9 17.8 18.6 18.8 18.1 17.0 15.8 14.6 NO 12.7 11.9 11.1 10.2 10.1 10.1 10.2 11.4 13.1 13.5 13.6 13.9 14.9 14.23 
6 15.4 15.8 16.2 16.7 17.3 17.6 17.2 16.5 15.1 14.1 13.6 13.1 12.6 12.0 11.6 11.6 NO NO NO NO NO NO NO NO 14.78 
7 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
8 NO NO NO NO NO NO NO NO NO NO NO 2.9 2.6 1.4 4.2 12.9 13.3 13.6 14.1 14.6 14.2 14.6 15.0 15.4 10.68 
9 15.6 15.9 16.1 16.5 17.1 17.4 17.8 18.5 18.5 17.2 15.3 13.6 12.8 13.3 14.4 15.2 14.8 14.7 14.9 15.2 15.1 15.0 14.9 14.7 15.60 

10 14.3 14.0 13.5 15.1 17.3 17.3 17.1 16.0 14.6 NO 13.9 13.6 12.6 12.0 11.3 11.1 11.6 12.3 12.7 13.1 13.3 13.6 14.0 14.2 13.85 
11 14.2 14.2 14.2 14.4 14.8 15.5 16.4 16.5 15.2 13.8 12.9 12.1 11.5 11.1 11.0 10.6 10.6 11.7 13.2 13.8 14.2 14.8 14.9 15.2 13.62 
12 15.8 16.2 16.5 16.7 17.0 17.1 16.5 15.0 14.5 NO 13.2 12.6 12.4 12.0 12.0 12.0 12.1 12.5 13.4 20.9 22.9 22.3 22.5 22.6 16.03 
13 22.9 23.2 22.2 21.2 21.1 20.6 19.6 18.4 18.1 17.3 16.7 16.6 16.5 16.3 16.0 17.1 17.8 17.9 18.3 19.3 19.7 19.9 20.2 21.3 19.09 
14 21.6 21.8 21.8 21.9 21.9 21.7 21.3 20.2 19.1 18.2 16.3 15.6 18.9 18.0 18.1 18.3 18.4 19.0 19.2 19.5 19.6 19.5 19.9 20.2 19.58 
15 20.4 20.8 21.2 21.5 21.6 21.6 21.6 21.6 20.9 NO 18.1 15.8 15.2 14.9 15.4 15.9 16.1 19.2 21.7 20.8 21.7 22.1 21.5 21.5 19.61 
16 22.2 23.4 24.4 24.9 24.2 23.6 22.3 20.5 19.5 23.9 26.4 28.8 29.0 35.9 37.8 42.6 41.2 39.2 35.7 35.3 33.6 31.4 31.4 34.1 29.64 
17 49.4 56.9 54.8 51.4 49.7 41.0 32.4 29.6 NO 22.4 20.8 18.2 16.9 16.0 15.3 15.0 15.3 16.4 18.9 20.8 22.0 21.7 23.5 23.3 28.33 
18 24.0 25.2 27.1 28.5 20.1 21.0 30.8 29.7 26.3 16.4 19.8 18.2 16.4 15.2 14.6 14.6 14.6 14.8 15.8 15.9 16.6 17.1 17.5 18.6 19.95 
19 19.7 21.4 22.5 22.8 22.3 22.0 21.1 20.1 18.7 17.8 NO 14.4 13.1 12.8 12.6 13.0 13.1 12.9 13.5 14.0 15.5 17.3 18.3 18.5 17.28 
20 18.2 18.3 19.3 19.8 20.2 20.2 19.5 17.9 16.6 15.8 15.3 14.5 13.0 11.9 11.5 11.5 11.7 13.4 14.3 15.4 15.6 16.0 16.1 16.3 15.93 
21 17.4 18.2 18.6 19.1 19.2 18.8 17.7 16.4 15.3 NO 13.4 14.1 13.7 14.8 16.5 19.1 20.2 20.5 19.3 17.9 17.6 17.7 19.2 19.5 17.57 
22 19.5 19.6 19.8 19.8 19.8 19.6 19.5 20.2 20.6 21.1 20.8 19.6 18.7 17.6 17.0 18.4 19.3 20.2 20.0 19.1 20.2 21.2 21.2 20.7 19.73 
23 21.0 21.6 22.9 24.2 24.6 26.2 27.3 27.0 25.6 25.5 23.5 NO 19·.6 18.3 18.2 17.8 17.5 17.3 17.8 18.9 19.2 20.0 22.0 23.3 21.71 
24 25.3 23.1 22.9 23.6 24.4 25.0 26.9 26.2 25.5 23.4 20.5 18.6 17.7 17.0 16.5 16.3 16.717.1 18.0 18.5 19.4 19.8 20.2 21.5 21.00 
25 22.4 22.8 23.3 23.3 23.6 23.2 20.5 18.9 17.4 NO 13.6 12.1 10.2 10.1 10.1 10.1 10.1 10.2 11.3 12.0 12.5 15.0 16.8 16.3 15.90 
26 17.1 19.1 19.8 19.4 19.2 19.4 19.0 18.1 16.8 15.3. 13.9 12.5 11.4 10.5 10.1 10.7 13.9 14.3 14.4 15.1 15.8 16.2 16.3 16.5 15.62 
27 16.5 16.4 16.3 16.2 15.9 15.6 15.4 14.9 13.5 NO 11.9 11.7 11.6 11.3 NO NO 11.3 12.9 13.7 15.1 15.4 16.3 18.0 19.2 14.72 
28 20.1 21.0 21.7 22.0 22.1 22.4 22.5 22.0 20.3 18.7 17.4 16.3 15.3 14.3 13.7 13.7 14.0 14.7 15.9 16.5 17.0 18.0 18.8 19.7 18.25 
29 20.4 20.9 22.0 23.3 24.3 24.3 23.2 21.5 20.3 NO 16.7 15.3 14.1 13.0 12.6 12.6 12.7 13.0 13.4 14.2 14.8 15.4 ·16.9 17.8 17.51 
30 18.3 19.1 19.6 10.8 21.9 22.8 23.2 22.3 21.4 19.4 17.1 16.3 15.5 14.0 13.3 13.9 14.4 15.0 15.3 15.3 15.7 16.5 17.7 18.7 17.40 
31 19.3 20.6 22.3 22.3 23.0 23.1 23.0 22.0 19.5 17.4 16.6 15.9 14.5 13.7 13.8 13.9 13.9 14.4 14.7 14.5 15.2 15.6 15.9 16.8 17.58 

f------------------------------------------------1 Monthly Average = 18.38 

Haximun Hourly Average was 56.9 at Hour 2 on o'ay 17 with 1 occurences 
Maximum Daily Average was 29.64 on Day 16 with 1 occurences 
Operating Efficiency = ·92.1 percent 

NO= no data, ZS =zero/span, CAL= calibration, IR =repair, RL:: relocation, OFF.= of.f, AZS:: daily zero/span, INS= insufficient data 
[CEM 19901 
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MEPA - Kuwait 

May 1991 

-

Hourly Averages for Temperature in Degrees C 

- I 
~ 

-· 

- - - - - - 0
. 

--

Hour 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Daily 
Day Average 

1 27.9 26.7 26.7 26.6 26.2 25.5 25.7 27.6 29.6 33.5 35.8 36.5 37.2 38.5 38.7 37.3 36.0 NO NO 31.1 32.3 33.1 31.1 30.6 31.55 
2 29.7 29.0 29.0 28.8 28.6 28.3 29.2 29.7 29.4 29.5 29.5. 29.3' 30.5 30.4 29.5 30.9 30.9 29.3 27.7 26.9 26.5 26.4 26.0 25.5 28.77 
3 25.1 24.7 24.4 24.0 22.9 22.5 23.5 24.4 25.2 NO 26.9 28.9 30.7 32.2 33.6 33.1 32.1 30.8 29.4 28.6 27.5 26.8 26.2 25.2 27.33 
4 24.4 23.6 22.8 22.8 22.6 22.5 23.3 24.9 26.8 29.1 30.6 31.6 32.7 33.6 34.2 34.4 34,0 32.6 30.9 29.3 28.2 26.7 26.0 24.2 27.99 
5 24.2 24.0 22.7 21.2 20.6 21.9 24.2 26.8 29.4 31.6 NO 34.1 35.2 36.1 36.4 36.3 35.7 34.4 32.7 31.3 30.2 28.5 27.7 27.0 29.23 
6 25.6 25.1 23.7 22.6 22.3 23.4 26.0 28.3 31.5 33.2 33.9 34.9 35.8 36.4 36.3 36.7 NO NO NO NO NO NO NO NO 29.73 
7 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
8 NO 'NO NO NO NO NO NO NO NO NO NO 34.0 34.1 34.8 36.7 37.8 37.3 35.7 33.8 33.0 33.4 32.6 31.9 30.8 34.30 
9 30.2 29.1 28.6 28.3 27.7 28.4 29.3 30.3 32.8 34.5 38.5 40.9 41.4 4,0.7 39.1 37.9 37.1 35.3 33.8 33.1 33.2 33.3 33.3 33.2 33.75 

10 33.2 32.4 33.2 32.0 31.0 30.9 31.3 32.3 33.6 NO 35.7 37.7 38.7 38.8 39.1 38.4 37.1 35.7 34.4 33.1 32.2 31.1 30.1 29.0 33.96 
11 27.7 27.8 27.1 25.0 25.0 26.2 26.8 28.4 31.3 33.4 34.3 35.2 36.4 37.0 37.4 37.6 37.0 35.2 33.3 32.3 31.4 30.6 29.8 29.4 31.48 
12 27.9 27.5 26.3 25.3 24.'9 26.1 27.8 33.1 34.6 NO 36.7 37.5 38.2 39.0 38.6 38.6 38.3 36.8 35.0 30.6 30.2 30.1 29.7 29.1 32.26 
13 28.1 27.8 27.0 27.0 26.9 27.3 29.9 32.3 33.7. 35.0 36.0 36.6 36.8 36.9 37.0 37.1 35.5 34.5 33.4 32.6 32.4 32.0 30.5 29.9 32.34 
14 29.3 29.0 28.7 28.3 28.3 28.7 29.4 31.8 33.3 35.5 39.0 40.3 36.8 37.7 37.3 36.6 34.9 33.3 32.8 32.1 31.8 31.7 30.6 31.0 32.84 
15 30.8 30.3 29.9 29.7 29.6 30.1 30.8 30.4 i 32.1 NO 38.5 41.1 40.8 40.6 39.6 38.8 37.8 34.7 33.6 33.6 32.7 32.4 32.1 31.9 34.00 
16 31.4 30.0 29.3 29.3 29.9 30.5 32.4 34.7 35.5 32.7 33.2 31.9 32.1 31.2 31.0 29.9 30.3 30.5 30.5 30.2 30.6 30.9 31.0 30.0 31.21 
17 28.0 27.9 28.2 28.3 28.6 29.5 30.6 31.0 NO 32.3 33.1 34.8 35.7 36.0 36.3 35.7 34.5 32.9 31.6 30.8 30.3 30.0 28.9 28.7 31.47 
18 28.2 27.7 27.,. 26.3 25.6 25.4 25.5 26.3 28.8 34.9 32.6 33.9 34.9 35.4 35.7 35.4 34.5 33.3 32.0 31.1 30.1 29.3 28.9 28.1 30.46 
19 27.4 26.8 26.1 26.0 25.7 25.8 27.9 29.7 31.1 32.6 NO 35.6 36.5 36.9 37.2 36.8 35.8 34.5 32.9 32.0 31.1 30.2 29.3 28.7 31.16 
20 28.2 27.8 27.2 26.4 24.8 24.3 27.1 30.2 32.8 34.6 35.9 37.1 38.9 40.0 40.5 40.2 39.4 36.9 35.0 33.6 33.0 32.7 32.1 31.6 32.93 
21 30.7 30.0 28.5 27.8 27.5 28.4 30.9 33.7 36.0 NO 40.0 38.2 39.3 37.0 34.2 32.3 32.0 31.6 31.5 32.0 31.4 30.9 31.4 32.1 32.50 
22 31.8 30.9 31.0 30.9 30.6 30.3 30.4 31.3 31.4 31.8 31.9 32.7 33.1 33.5 33.4 32.5 31.5 30.5 30.1 29.9 28.9 28.2 28.1 28.0 30.95 
23 27.6 27.0 26.2 25.6 25.2 25.0 24.9 25.6 26.9 27.7 29.3 NO 32.2 33.2 32.9 32.6 32.0 31.1 29.7 28.8 28.1 27.3 26.1 25.3 28.27 
24 24.4 23.9 23.3 22.4 21.8 22.0 24.2 26.0 26.6 29.0 31.6 32.5 32.7 33.8 34.0 33.6 32.5 31.2 29.8 29.0 28.3 27.6 26.8 26.1 28.05 
25 25.4 24.6 23.7 23.1 22.7 24.6 27.4 28.4 29.7 NO 33.7 34.7 36.2 36.8 37.2 37.5 37.2 35.6 33.6 32.2 31.5 30.0 29.4 29.0 30.62 
26 28.3 27.7 27.5 26.7 25.3 25.1 27.8 30.6 33.5 ~5.9 38.0 40.3 41.9 42'.0 42.3 40.5 37.1 36.3 35.3 33.6 31.9 31.0 30.7 30.0 33.30 
27 29.5 29.6 29.4 29.5 30.2 30.5 31.2 33.1 37.4 NO 41.4 41.6 42.2 42.9 NO NO 42.4 38.2 37.0 35.5 34.8 33.7 32.4 31.4. 34.95 
28 30.4 29.8 29.1 28.2 27.4 27.2 28.0 29.6 32.1 33.5 34.~ 35.5 36.8 37.4 37.5 37.3 36.2 34.6 33.0 32.1 31.3 30.5 29.6 28.9 32.10 
29 28.2 27.4 26.5 25.8 25.4 26.3 27.6 29.4 30.5 NO 34.4 35.4 36.4 37.8 38.0 37.8 37.1 35.6 34.1 33.1 32.1 31.3 30.2 29.7 31.74 
30 29.2 28.6 28.0 27.2 26.6 26.5 27.5 29.2 29.9 32.1 34.1 35.4 37.5 39.2 39.4 38.2 37.1 35.4 34.0 33.2 32.5 32.0 30.9 29.8 32.23 
31 29.1 28.3 27.9 27.8 27.2 27.2 28.4 30.1 32.2 34.7 36.0 37.0 38.1 38.5 38.4 37.9 37.0 35.8 34.4 33.5 32.7 31.9 31.4 30.8 32.76 

Monthly Average ; 

Maximum Hourly Average was 42.9 at Hour 14 on Day 27 with 1 occurcnces 
Haximun Dally Average was 34.95 on Day 27 with 1 accur~:nccs 

Operating Efficiency = 92.1 percent 
NO= no data, ZS =zero/span, CAL= calibration, IR =repair, RL =relocation, OFF= off, AZS =daily zero/span, INS= insufficient data 
[CEM 19901 
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Hour 

MEPA - Kuwait 
May 1991 

Hourly Averages for Total Particulate in MG/M3 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Daily 
Day Average 

1 0.014 0.013 0.014 0.014 0.016 0.017 0.015 0.015 0.015 0.018 0.013 0.012 0.013 0.015 0.017 0.018 0.019 NO NO 0.022 0.017 0.019 0.044 0.041 0.0182 
2 o.o56 o.o7o o.o57 o.o66 o.091 o.o45 o.o51 o.o16 o.o7o o.o96 0.100 o.055 o.o36 o.o38 o.059 o·.o56 o.043 o.041 o.o45 o.o52 o.063 o.o7o o.042 o.o2o o.o558 
3 0.024 0.025 0.025 0.025 0.028 0.031 0.030 0.031 0.031 CAL 0.088 0.060 0.035 0.026 0.024 0.031 0.044 0.043 0.033 0.033 0.033 0.034 0.025 0.017 0.0337 
4 0.016 0.015 0.015 0.018 0.025 0.029 0.027 0.027 0.030 0.028 0.022 0.018 0.018 0.016 0.016 0.017 0.017 0.016 0.015 0.015 0.016 0.013 0.014 0.020 0.0193 
5 0.015 0.014.0.014 0.015 0.016 0.017 0.020 0.022 0.023 0.021 CAL 0.013 0.012 0.013 0.013 0.013 0.013 0.013 0.014 0.014 0.015 0.014 0.015 0.014 0.0153 
6 0.018 0.017 0.017 0.018 0.015 0.013 0.012 0.013 0.013 0.012 0.012 0.011 0.012 0.011 0.012 0.011 NO NO NO NO NO NO NO NO 0.0136 
7 NO NO NO NO NO NO NO NO NO NO 0.015 0.010 0.010 0.010 0.015 0.015 0.017 0.014 0.016 0.030 CAL 0.020 0.020 0.026 0.0168 
8 0.037 0.080 0.022 0.017 0.052 0.052 0.033 0.038 0.028 0.016 CAL CAt 0.015 0.018 0.019 0.019 0.017 0.017 0.017 0.017 0.045 0.248 0.123 0.087 0.0462 
9 0.060 0.034 0.050 0.044 0.034 0.031 0.030 0.028 0.025 0.019 0.018 0.019 0.018 0.020 0.021 0.019 0.017 0.017 0.016 0.057 0.205 0.307 0.258 0.065 0.0588 

10 0.034 0.022 0.031 0.050 0.083 0.090 0.108 0.102 0.079 CAL 0.066 0.036 0.024 0.022 0.020 0.022 0.019 0.018 0.020 0.018 0.017 0.018 0.019 0.018 0.0407 
11 0.016 0.016 0.015 0.015 0.015 0.017 0.023 0.032 0.038 0.041 0.038 0.032 0.026 0.021 0.019 0.019 0.019 0.024 0.022 0.016 0.020 0.028 0.027 0.019 0.0232 
12 0.016 0.015 0.014 0.014 0.014 0.013 0.130 0.023 0.027 CAL 0.022 0.018 0.017 0.017 0.017 0.017 0.018 0.018 0.021 0 .• 024 0.023 0.023 0.023 0.023 0.0238 
13 0.026 0.030 0.065 0.057 0.057 0.026 0.035 0.028 0.022 0.019 0.018 0.017 0.013 0.017 0.015 0.047 0.051 0.030 0.028 0.035 0.023 0.019 0.015 0.035 0.0303 
14 0.104 0.054 0.038 0.036 0.041 0.032 0.027 0.300 0.048 0.037 0.023 0.024 0.028 0.025 0.033 0.036 0.029 0.025 0.022 0.018 0.021 0.025 0.070 0.244 0.0558 
15 0.233 0.195 0.098 0.039 0.400 0.036 0.068 0.034 0.029 eAL 0.025 0.020 0.018 0.017 0.017 0.160 0.016 0.018 0.018 0.019 0.021 0.021 0.023 0.020 0.0672 
16 0.019 0.019 0.019 0.018 0.018 0.028 0.057 0.021 0.021 0.027 0.025 0.024 0.023 0.023 0.023 0.022 0.022 0.021 0.020 0.021 0.020 0.020 0.021 0.021 0.0230 
17 0.021 0.018 0.018 0.018 0.020 0.048 0.173 0.230 CAL 0.178 0.189 0.161 0.145 0.127 0.106 0.107 0.090 0.081 0.095 0.079 0.047 0.036 0.034 0.033 0.0893 
18 0.024 0.018 0.020 0.043 0.038 0.044 0.061 0.053 0.042 0.039 0.034 0.035 0.039 0.039 0.029 0.025 0.020 0.019 0.018 0.018 0.019 0.023 0.021 0.020 0.0309 
19 0.022 0.024 0.020 0.017 0.015 0.016 0.015 0.014 0.014 0.014 CAL 0.017 0.020 0.025 0.023 0.025 0.320 0.022 0.022 0.028 0.032 0.039 0.042 0.028 0.0354 
20 0.022 0.019 0.019 0.014 0.014 0.015 0.014 0.014 0.014 0.016 0.016 0.016 0.015 0.015 0.016 0.016 0.017 0.020 0.016 0.015 0.015 0.016 0.019 0.022 0.0165 
21 0.041 0.026 0.041 0.018 0.019 0.022 0.028 0.020 0.023 CAL 0.026 0.023 0.021 0.017 0.017 0.020 0.026 0.024 0.018 0.017 0.018 0.017 0.019 0.034 0.0233 
22 0.044 0.039 0.038 0.044 0.046 0.063 0.083 0.089 0.098 0.122 0.147 0.188 0.195 0.162 0.128 0.145 0.138 0.122 0.115 0.131 0.115 0.105 0.107 0.117 0.1075 
23 0.108 0.121 0.113 0.133 0.128 0.086 0.047 0.033 0.027 0.027 0.024 CAL 0.019 0.020 0.025 0.030 0.027 0.028 0.027 0.023.0.021 0.025 0.036 0.055 .0.0514 
24 0.029 0.020 0.020 0.020 0.018 0.023 0.030 0.049 0.057 0.029 0.020 0.019 0.020 0.020 0.022 0.022 0.026 0.025 0.023 0.037 0.027 0.018 0.020 0.019 0.0255 
25 0.018 0.018 0.018 0.017 0.015 0.014 0.013 0.013 0.014 CAL 0.014 0.014 0.014 0.013 0.013 0.015 0.015 0.016 0;013 0.016 0.022 0.021 0.016 0.018 0.0157 
26·0.018 0.018 0.018 0.024 0.023 0.023 0.017 0.016 0.015 0.016 0.015 0.015 0.015 0.015 0.017 0.020 0.020 0.018 0.018 0.020 0.018 0.017 0.056 0.097 0.0229 
27 0.054 0.036 0.020 0.017 0.032 0.063 0.159 0.131 0.031 CAL 0.021 0.020 0.019 0.019 NO NO 0.019 0.048 0.063 0.083 0.053 0.043 0.035 0.031 0.0475 
28 0.036 0.031 0.032 0.026 0.019 0.019 0.021 0.025 0.031 0.029·0.025 0.023 0.022 0.019 0.020 0.022 0.024 0.027 0.031 0.031 0.033 0.032 0.026 0.023 0.0261 
29 0.019 0.017 0.016 0.014 0.015 0.016 0.017 0.019 0.019 CAL 0.016 0.016 0.016 0.016 0.017 0.021 0.020 0.021 0.021 0.021 0.024 0.030 0.022 0.018 0.0187 
30 0.016 0.015 0.015 0.025 0.027 0.040 0.044 0.050 0.024 0.014 0.015 0.015 0.015 0.015 0.019 0.032 0.027 0.025 0.026 0.039 0.048 0.042 0.021 0.015 0.0260 
31 0.015 0.017 0.058 0.211 0.182 0.296 0.162 0.076 0.020 0.030 0.037 0.029 0.030 0.028 0.024 0.026 0.023 0.019 0.019 0.018 0.015 0.015 0.014 0.015 0.0575 

Monthly Average= 

Maxilllllll Hourly Average was 0.400 at Hour 5 on Day 1.5 with 1 occurences 
Maximum Daily Average was 0.1075 on Day 22 with 1 occurences 
Operating Efficiency = 97.0 percent 
NO= no data, ZS =zero/span, CAL= calibration,, IR =repair, Rl =relocation, OFF= off, AZS =daily zero/span, INS= insufficient data 
[CEM 19901 
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MEPA - Kuwait 
May 1991 

Hourly Averages for NH3 in ppm 

Hour 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Oai ly 
Day Average 

1 0.003 0.003 0.003 0.002 0.000 0.000 0.000 0.000 0.001 0.001 0.004 0.002 0.001 0.003 0.003 0.004 0.006 NO NO 0.003 0.014 0.026 0.029 0.016 0.0056 
2 0.012 0.005 0.004 0.003 0.002 0,000 0.001 0.000 0.000 0.000 0.000 0.000 o.ooo o.ooo,o.ooo 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0011 
3 0.000 0,003 0.003 0.004 0.004 0.003 0.004 0.005 0.001 CAL 0.005 0.004 0.002 0.001 0.001 0.002 0.003 0.001 0.000 0.003 0.001 0.000 0.002 0.000 0.0023 
4 o.oo2 o.ooo o.ooo o.oo3 o.oo5 o.ooo o.oo2 o.oo2 o.oo2 o.oo2 o.oo2 o.oo4 o.oo4 o.oo3 o.oo4 o.oo4 o.oo2 o.oo1 o.oo6 o.oo3 o.oo7 o.oo3 o.oo3 o:oo6 o.oo29 
5 0.004 0.005 0.003 0.004 0.004 0.004 0.003 0.004 0.001 0.000 CAL 0.005 0.003 0.003 0.003 0.004 0.003 0.004 0.013 0.017 0.007 0.004 0.004 0.009 0.0048 
6 0.006 0.004 0.004 0.004 0.002 0.003 0.003 0.003 0.002 0.000 0.001 0.002 0.003 0.003 0.003 0.000. NO NO NO NO NO NO NO NO 0.0027 
7 NO NO NO NO NO NO NO NO NO NO 0.003 0.004 0.005 0.001 0.008 0.000 0.029 0.006 0.005 0.016 CAL 0.006 0.014 0.014 0.0085 
8 0.009 0.017 0.008 0.002 0.001 0.000 0,000 0.000 0.000 0.000 CAL CAL 0.001 0.001 0,005 0.001 0.000 0.001 0.001 0.003 0.000 0.000 0.000 0.000 0.0023 
9 0.000 0.000 0.003 0.001 0.003 0.000 0.000 0.000 0.000 0.001 0.000 0.000 o.ooo 0.000 0.000 o.ooo 0.002 0.004 0.006 0.002 0.000 0.000 0.000 0.000 0.0009 

10 o.ooo o.ooo o.oo2 o.ooo o.ooo o.oo1 o.ooo o.ooo 0.002 CAL 0.002 o:oo2 0.002 0.002 o.oo4 o.oo5 o.oo7 o.oo6 o.oo8 o.004 o.oo1 0.002 0.010 o.oo6 o.0029 
i1 0.008 0.006 0.004 0.008 0.007 0.003 0.001 0.003 0.005 0.004 0.005 0.003 0.004 0.004 0.004 0.005 0.005 0.005 0.001 0.002 0.002 0.002 0.004 0.004 0.0041 
12 0.002 0.002 0.002 0.002 0.001 0,003 0.003 0.001 0.002 CAL 0.006 0.001 0.001 0.003 0.003 0,004 0.003 0.005 0.006 0.000 0.002 0.005 0.006 0.007 0.0030 
13 0.006 0.006 0.007 0.005 0.004 0.002 0.000 0.000 0.002 0.000 0.002 0.001 0.002 0.003 0.004 0.003 0.001 0.005 0.002 0.000 0.000 0.002 0.000 0.008 0.0027 
14 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 o.ooo 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.0002 
15 0.000 0.000 0.000 0.001 0.000 0.001 0.000 0.000 0.000 CAL 0.000 0.000 0.001 0.000 0.006 0,006 0.001 0.000 0,000 0.000 0.000 0.000 0.004 0.005 0.0011 
16 0.001 0.000 0.000 0.000 0.000 0.002 o.ooo 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 o.ooo 0.000 0.0003 
17 0.002 0.001 0.003 0.000 0.000 0.001 0.003 0.002 CAL 0.006 0.003 0.004 0.004 0.005 0.006 0.007 0.007 0.004 0.005 0.004 0.003 0.004 0.006 0.004 0.0037 
18 0.005 0.003 0.004 0.003 0.001 0.002 0.000 0.000 0.000 0.005 0.003 0.004 0.005 0.004 0.005 0.004 0.005 0.005 0.004 0.004 0.003 0.003 0.003 0.001 0.0032 
19 0.001 0.003 0.002 0.005 0.003 0.002 0.000 0.001 0.003 0.004 CAL 0.006 0.005 0.005 0.005 0.005 0.004 0,005 0.007 0.009 0.010 0.012 0.019 0.017 0.0058 
20 0.010 0.005 0.010 0.003 0.004 0.004 0.004 0.004 0.003 0.005 0.004 0.004 0.005 0.005 0.006 0.009 0.009 0.006 0.007 0.006 0.007 0.007 0.011 0.008 O.d061 
21 0.007 0.005 0.011 0.004 0.005 0,003 0.000 0.000 0.001 CAL 0.006 0.004 0.005 0.004 0.003 0.004 0.003 0.003 0.005 0.004 0.009 0.008 0.008 0.006 0.0047 
22 0.003 0.003 0.006 0.007 0.003 0.004 0.001 0.003 0.000 0.002 0.002 0.004 0.000 0.000 0.001 0.003 0.001 0.002 0.004 0.003 0.002 0.005 0.005 0.005 0.0029 
23 0.004 0.001 0.003 0.003 0,000 0.000 0.002 0.002 0.003 0.001 0.004 CAL 0.002 0.003 0.004 0.003 0.003 0.004 0.004 0.003 0.012 0.009 0.007 0.002 0.0034 
24 0.002 0.005 0.004 0.004 0.005 0.004 0.000 0.000 0.000 0.000 0.001 0.003 0.003 0.003 0.003 0.004 0.004 0.004 0.014 0.003 0.003 0.003 0.005 0.005 0.0034 
25 0.006 0.003 0.002 0.003 0.004 0.002 0.003 0.005 0.007 CAL 0.015 0.005 0.004 0.005 0.007 0.006 0.007 0.007 0.008 0.022 0.019 0.018 0.012 0.019 0.0082 
26 0.019 0.012 0.008 0.005 0.007 0.007 0.004 0.004 0.004 0.004 0.001 0.004 0.004 0.005 0.005 0.005 0.002 0.003 0.007 0.022 0.032 0.016 0.008 0.000 0.0078 
27 0.000 0.002 0.002 0.002 0.004 0.002 0.000 0.000 0.000 CAL 0.011 0.002 0.002 0.002 NO NO 0.005 0.012 0.012 0.007 0.012 0.012 0.008 0.006 0.0049 
28 0.003 0.005 0.003 0.004 0.007 0.001 0.002 0.003 0.003 0.003 0.004 0.002 0.005 0.004 0.005 0.004 0.005 0.004 0.006 0.006 0.007 0.006 0.003 0.002 0.0040 
29 0.003 0.004 0.003 0.003 0.001 0.001 0.000 0.001 0.000 CAL 0.008 0.004 0.002 0.003 0.004 0.005 0.004 0.004 0.004 0.007 0.008 0.004 0.009 0.004 0.0037 
30 0.003 0.005 0.004 0.003 0.003 0.000 0.000 0.000 0.000 0.001 0.003 0.002 0.003 0.004 0.003 0.001 0.000 0.000 0.002 0.002 0.002 0.003 0.000 0.002 0.0019 
31 0.003 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 o.ooo 0.000 0.000 0.000 0.004 0.007 0.003 0.004 0.008 0.005 0.003 0.0016 

Maximum Hourly Average was 0.032 at Hour 21 on Day 26 with 1 occurences 
Maximum Daily Average was 0.0085 on Day 7 with 1·occurences 
Operating Efficiency = 97.0 percent 

Monthly Average = 0.0035 

NO= no data, ZS =zero/span, CAL= calibration, IR = repair, Rl =relocation, OFF= off, AZS =daily zero/span, INS= insufficient data 
[CEM 19901 
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MEPA ~ Kuwait 

Hay 1991 
Hourly Averages for 03 in ppm 

Hour 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Oai ly 
Day Average 

1 0.013 0.012 0.020 0.022 0.023 0.020 0.012 0.017 0.019 0.027 0.032 0.028 0.026 0.025 0.031 0.029 0.013 NO NO 0.033 0.029 0.006 0.000 0.001 0.0199 
2 0.001 0.002 0.012 0.014 0.012 0.010 0.014 0.009 0.003 0.001 0.000 0.000 0.001 0.003 0.000 0,001 0.008 0.017 0.014 0.010 0.009 0.010 0.013 0.018 0.0076 
3 0.019 0.028 0.031 0.033 0.035 0.033 0.033 0.034 0.034 CAL 0.032 0.030 0.033 0.034 0.034 b.034 0.032 0.029 0.013 0.023 0.07.4 0.012 0.016 0.012 0.0277 
4 0.021 0.015 0.019 0.034 0.034 0.025 0.029 0.025 0.031 0.035 0.037 0.037 0.034 0.035.0.035 0.036 0.029 0.020 0.009 0.021 0.010 0.02] 0.021 0.015 0.0262 
5 0.021 0.023 0.018 0.013 0.022 0.020 0.026 0.028 0.029 0.029 CAL 0.036 0.037 0.033 0.035 0.031 0.026 0.019 0.000 0.001 0.014 0.014 0.015 0.007 0.0216 
6 0.011 0.022 0.019 0.018 0.016 0.017 0.027 0.029 0.035 0.038 0.037 0.038 0.039 0.035 0.036 0.020 NO NO NO NO NO NO NO NO 0.0273 
7 NO NO NO NO NO NO NO NO NO NO 0.030 0.006 0.027 0.030 0.025 0.007 0.018 0.009 0.001 0.013 CAL 0.001 0.002 0.002 0.0132 
8 0.001 0.011 0.010 0.010 0.021 0.019 0.022 0.015 0.030 0.018 CAL CAL 0.029 0.022 0.029 0.035 0.033 0.029 0.007 0.014 0.022 0.014 0.008 0.007 0.0185 
9 0.008 0.009 0.002 0.002 0.009 0.007 0.005 0.002 0.003 0.010 0.030 0;033 0.038 0.039 0.036 0.034 0.029 0.014 0.003 0.011 0.018 0.013 0.011 0.011 0.0157 

10 0.015 0.015 0.017 0.008 0.003 0.008 0.010 0.022 0.026 CAL 0.025 0.028 0.031 0.028 0.020 0.021 0.015 0.018 0.013 0.032 0.034 0.028 0.006 0.016 0.0191 
11 0.010 0.016 0.026 0.010 0.015 0.026 0.018 0.014 0.021 0.024 0.034 0.036 0.033 0.033 0.030 0.023 0.030 0.031 0.034 0.035 0.034 0.016 0.016 0.021 0.0244 
12 0.019 0.025 0.017 0.012 0.012 0.021 0.030 0.028 0.017 CAL 0.034 0.031 0.034 0.031 0.027 0.027 0.025 0.028 0.010 0.003 0.002 0.000 0.000 0.000 0:0188 
13 0.000 0.000 0.005 0.015 0.014 0.021 0.017 0.021 0.031 0.028 0.028 0.026 0.026 0.012 0.017 0.028 0.021 0.030 0.018 0.023 0.020 0.016 0.010 0.000 0.0178 
14 0.000 0.003 0.010 0.013 0.016 0.023 0.021 0.021 0.019 0.020 0.029 0.035 0.055 0.033 0.032 0.033 0.025 0.015 0.003 o.ooo 0.006 0.007 0.003 0.006 0.0178 
15 0.005 0.010 0.010 0.013 0.014 0.016 0.012 0.009 0.008 CAL 0.016 0.027 0.028 0.024 0.028 0.027 0.023 0.015 0.008 0.001 0.000 0.000 0.000 0.000 0.0128 
16 0.000 0.003 0.000 0.000 0.000 0.015 0.018 0.018 0.011 0.025 0.023 0.023 0.025 0.025 0.026 0.024 0.025 0.025 0.020 0.019 0.017 0.022 0.025 0.025 0.0173 
17 0.030 0.033 0.031 0.028 0.028 0.027 0.025 0.018 CAL 0.025 0.023 0.023 0.025 0.025 0.026 0.024 0.025 0.025 0.020 0.019 0.017 0.022 0.025 0.025 0.0247 
18 0.030 0.033 0.031 0.028 0.028 0.027 0.025 0.022 0.024 0.032 0.030 0.029 0.032 0.032 0.033 0.034 0.033 0.031 0.030 0.028 0.030 0.034 0.040 0.029 0.0302 
19 0.020 0.009 0.011 0.016 0.029 0.029 0.022 0.021 0.029. 0.031 CAL 0.033 0.032 0.034 0.033 0.035 0.030 0.022 0.013 0.003 0.002 0.019 0.007 0.000 q.0209 
20 0.012 0.018 0.004 0.023 0.024 0.022 0.026 0.032 0.030 0.023 0.027 0.032 0.030 0.030 0.028 0.024 0.022 0.013 0.007 0.003 0.003 0.006 0.000 0.001 0.0183 
21 0.001 0.005 0.005 0.012 0.016 0.022 0.022 0.023 0.039 CAL 0.041 0.051 0.051 0.036 0.038 0.033 0.024 0.020 0.021 0.006 0.000 0.005 0.001 0.003 0.0207 
22 0.003 o,ooo 0.001 0.003 0.012 0.015 0.013 0.012 0.010 0.015 0.017 0.019 0.023 0.027 0.027 0.025 0.022 0.018 0.015 0.019 0.015 0.015 0.026 0.010 0.0151 
23 0.024 0.022 0.026 0.021 0.024 0.011 0.022 0.023 0.029 0.027 0.035 CAL 0.036 0.038 0.034 0.035 0.032 0.029 0.030 0.031 0.007 0.019 0.015 0.014 0.0254 
24 0.023 0.021 0.023 0.021 0.022 0.014 0.017 0.017 0.020 0.028 0.036 0.035 0.035 0.035 0.035 0.035 0.033 0.029 0.025 0.013 0.022 0.025 0.020 0.024 0.0253 
25 0.020 0.026 0.013 0.019 0.012 0.021 0.032 0.026 0.028 CAL CAL 0.040 0.043 0.043 0.043 0.038 0.037 0.035 0.021 0.000 0.002 0.003 0.007 0.006 0.0234 
26 0.003 0.009 0.014 0.021 0.008 0.015 0.025 0.033 0.032 0.032 0.032 0.035 0.035 0.038 0.037 0.034 0.031 0.025 0.005 0.000 0.000 0.000 0.011 0.012 0.0203 
27 0.017 0.024 0.026 0.027 0.030 0.026 0.025 0.026 0.031 CAL 0.025 0.026 0.028 0.025 NO NO 0.026 0.016 0.010 0.005 0.002 0.002 0.004 0.005 0.0193 
28 0.011 0.008 0.007 0.019 0.016 0.015 0.015 0.017 0.025 0.032 0.033 0.032 0.030 0.028 0.028 0.028 0.032 0.026 0.023 0.022 0.019 0.021 0.030 0.034 0.0230 
29 0.035 0.032 0.031 0.030 0.029 0.029 0.029 0.028 0.004 CAL 0.034 0.035 0.032 0.029 0.032 0.032 0.028 0.017 0.014 0.012 0.011 0.013 0.013 0.031 0.0252 
30 0.034 0.033 0.036 0.033 0.030 0.023 0.014 0.013 0.012 0.021 0.026 0.028 0.031 0.030 0.030 0.030 0.023 0.016 0.014 0.017 0.006 0.010 0.026 0.023 0.0233 
31 0.033 0.033 0.023 0.027 0.005 0.013 0.014 0.023 0!030 0.026 0.037 0.035 0.036 0.037 0.032 0.022 0.010 0.010 0.016 0.010 0.003 0.014 0.020 0.014 0.0218 

Monthly Average = 0.0208 

Maximum Hourly Average was 0.055 at Hour 13 on Day 14 with 1 occurences and there were no Hourly Violations 
Haximl.ITI Daily Average was 0.0302 on Day 18 with 1 occurences ar1d there were no Daily Violations 
Operating Efficiency = 97.0 percent 
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MEPA - Kuwait 

May 1991 
Hourly Aver~ges for NOx in ppm 

Hour 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 l7 18 19 20 21 22 23 24 Daily 

Day Average 
1 0.036 0.033 0.022 0.021 0.013 0.018 0.032 0.032 0.030 0.031 0.024 0.030 0.033 0.033 0.041 0.034 0.099 ND NO 0.197 0.084 0.156 0.182 0.139 0.0600 
2 0.102 0.042 0.016 0.012 0.015 0.014 0.011 0.022 0.035 0.051 0.063 0.085 0.085 0.077 0.052 0.072 0.038 0.013' 0.028 0.053 0.065 0.066 0.064 0.051 0.0472 
3 0.044 0.016 0.008 0.007 0.004 0.006 0.006 0.005 0.010 CAL 0.016 0.011 0.015 0:013 0.015 0.012 0.011 0.017 0.054 0.032 0.027 0.059 0.045 0.074 0.0220 
4 0.035 0.053 0.038 0.005 0.004 0.022 0.012 0.025 0.022 0.002 0.019 0.014 0.016 0.014 0.020 0.021 0.039 0.055 Q.106 0.046 0.088 0.027 0.024 0.027 0.0306 
5 0.014 0.013 0.015 0.020 0.005 0.015 0.010.0.011 0.014 0.023 CAL 0.020 0.019 0.030 0.025 0.036 0.048 0.069 0.169 0.182 0.057 0.034 0.035 0.093 0.0416 
6 0.025 0.013 0.011 0.012 0.020 0.019 0.006 0.008 0.012 0.022 0.024 0.019 0.015 0.026 0.022 0.020 NO NO NO NO NO NO NO NO 0.0171 
7 NO NO NO NO NO NO ND NO NO ND 0.025 0.061 0.024 0.010 0.010 0.044 0.024 0.065 0.057 0.095 CAL 0.063 0.132 0.108 0.0552 
8 0.073 0.030 0.015 0.008 0.005 0.005 0.007 0.022 0.015 0.034 CAL. CAL 0.027 0.045 0.021 0.011 0.015 0.022 0.077 0.045 0.034 0.052 0.080 0.088 0.~332 

9 0.076 0.089 0.075 0.078 0.097 0.028 0.058 0.084 0.111 0.090 0.044 0.049 0.028 0.015 0.013 0.013 0.017 0.047 0.072 0.055 0.026 0.041 0.052 0.057 0.0548 
10 0.049 0.051 0.042 0.073 0.111 0.081 0.068 0.025 0.031 CAL 0.036 0.035 0.025 0.033 0.061 0.057 0.076 0.066 0.090 0.021 0.017 0.027 0.128 0.055 0.0547 
11 0.073 0.039 0.021 0.070 0.049 0.018 0.050 0.070 0.060 0.056 0.030 0.028 0.035 0.037 0.042 0.061 0.039 0.030 0.013 0.016 0.023 0.066 0.065 0.056 0.0436 
12 0.030 0.019 0.026 0.031 0.034 0.026 0.017 0.041 0.012 CAL 0.033 0.037 0.028 0.032 0.036 0.034 0.031 0.024 0.061 0.059 0.061 0.081 0.087 0.083 0.0401 
13 0.075 0.078 0.036 0.012 0.012 0.009 0.027 0.037 0.018 0.029 0.035 0.031 0.039 0.037 0.040 0.025 0.031 0.036 0.029 0.017 0.018 0.015 0.045 0.087 0.0341 
14 0.060 0.027 0.015 0.012 0.010 0.004 0.006 0.01b 0.023 0.034 0.016 0.022 0.025 0.012 0.011 0.014 0.018 0.032 0.062 0.080 0.053 0.056 0.055 0.041 0.0291 
15 0.036 0.014 0.009 0.005 0.006 0.005 0.009 0.012 0.027 CAL 0.061 0.031 0.018 0.027 0.009 0.008 0.016 0.025 0.035 0.065 0.084 0.085 0.133 0.104 0.0358 
16 0.074 0.054 0.067 0.060 0.082 0.020 0.014 0.013 0.049 0.089 0.069 0.038 0.022 0.016 0.015 0.013 0.020 0.023 0.027 0.023 0.022 0.027 0.040 0.049 0.0386 
17 0.013 0.016 0.011 0.021 0.050 0.034 0.007 0.010 CAL 0.012 0.016 0.020 0.018 0.016 0.016 0.022 0.021 0.021 0.024 0.024 0.310 0.025 0.130 0.210 0.0455 
18 0.110 0.006 0.009 0.008 0.007 0.007 0.013 0.026 0.028 0.015 0.014 0.022 0.015 0.017 0.017 0.012 0.017 0.016 0.016 0.019 0.015 0.017 0.014 0.032 0.0197 
19 0.063 0.107 0.090 0.085 0.016 0.017 0.046 0.051 0.026 0.025 CAL 0.022 0.026 0.019 0.020 0.016 0.028 0.044 0.063 0.095 0.101 0.048 0.130 0.165 0.0567 
20 0.090 0.049 0.132 0.028 0.011 0.012 0.012 0.011 0.027 0.055 0.039 0.025 0.028 0.021 0.021 0.026 0.025 0.053 0.047 0.052 0.050 0.058 0.098 0.078 0.0437 
21 0.073 0.035 0.029 0.013 0.003 0.002 0.007 0.015 0.013 CAL 0.046 0.032 0.029 0.014 0.015 0.020 0.031 0.040 0.042 0.074 0.096 0.067 0.074 0.063 0.0362 
22 0.055 0.059 0.071 0.073 0.026 0.026 0.033 0.031 0.039 0.024 0.023 0.017 0.017 0.020 0.029 0.029 0.032 0.039 0.049 0.038 0.052 0.054 0.022 0.060 0.0382 
23 0.028 0.029 0.015 0.020 0.017 0.062 0.027 0.029 0.025 0.036 0.023 CAL 0.200 0.013 0.020 0.022 0.033 0.040 0.037 0.048 0.112 0.053 0.057 0.056 0.0436 
24 0.018 0.019 0.015 0.011 0.012 0.029 0.040 0.044 0.036 0.024 0.017 0.021 0.019 0.020 0.019 0.015 0.018 0.026 0.028 0.056 0.036 0.031 0.052 0.040 0.0269 
25 0.062 0.038 0.072 0.051 0.079 0.047 0.022 0.042 0.043 CAL 0.095 0.021 0.019 0.016 0.017 0.029 0.028 0.030 0.054 0.134 0.111 0.156 0.089 0.132 0.0603 
26 0.151 0.110 0.079 0.023 0.051 0.035 0.016 0.024 0.043 0.042 0.041 0.036 0.034 0.017 0.013 0.015 0.020 0.028 0.073 0.173 0.181 0.107 0.044 0.022 0.0574 \ 
27 0.009 0.004 0.002 0.003 0.002 0.008 0.016 0.016 0.014 CAL 0.077 0.029 0.030 0.041 NO NO 0.032 0.115 0.118 0.121 0.127 0.126 0.097 0.092 0.0514 
28 0.066 0.077 0.082 0.040 0.025 0.052 0.051 0.052 0.038 0.024 0.019 0.020 0.023 0.030 0.029 0.031 0.019 0.025 0.031 0.031 0.036 0.034 0.021 0.019 0.0365 
29 0.014 0.013 0.013 0.013 0.016 0.016 0.023 0.024 0.004 CAL 0.023 0.019 0.026 0.032 0.022 0.017 0.026 0.051 0.054 0.056 0.061 0.051 0.096 0.016 0.0298 
30 0.010 0.013 0.002.0.004 0.004 0.020 0.052 0.057 0.064 0.042 0.034 0.026 0.023 0.020 0.020 0.021 0.033 0.042 0.042 0.034 0.078 0.057 0.026 0.021 0.0310 
31 0.011 0.008 0.026 0.016 0.082 0.053 0.051 0.027 0.020 0.038 0.019 0.021 0.019 0.013 0.010 0.019 0.037 0.071 0.050 0.040 0.054 0.102 0.044 0.023 0.0356 

Maximum Hourly Average was 0.310 at Hour 21 on Day 17 with 1 occurences and there were no Hourly Violations 
Maximum Daily Average was 0.0603 on Day 25 with 1 occurences and there were no Daily Violations 
Operating Efficiency = 97.0 percent 

Monthly Average = 0.0402 

NO= no data, ZS =zero/span, CAL= calibration, IR =repair, Rl =relocation, Off= off, AZS =daily zero/span, INS= insufficient data 
[CEM 1990] 
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MEPA - Kuwait 

May 1991 
Hourly Averages for N02 in ppm 

Hour 1 2 3 4 5 6 7 8 9 10 1 1 12 13 14 15 16 17 18 19 20 21 22 23 24 Daily 
Day Average 

1 0.034 0.031 0.021 0.020 0.012 0.016 0.028 0.028 0.027 0.027 0.020 0.024 0.029 0.028 0.038 0.031 0.064 NO NO 0.082 0.057 0.064 0.080 0.078 0.0381 
2 0.061 0.033 0.014 0.010 0.013 0.013 0.009 0.018 0.030 0.038 0.037 0.041 0.052 0.050 0.037 0.039 0.024 0.011 0.020 0.030 0.038 0.039 0.039 0.033 0.0304 
3 0.030 0.012 0.006 0.005 0.003 0.006 0.004 0.004 0.008 CAl 0.013 0.008 0.011 0.010 0.011 0.010 0.009 0.014 0.042 0.027 0.022 0.038 0.030 0.042 0.0159 
4 0.024 0.033 0.024 0.003 0.003 0.016 0.009 0.018 0.017 0.016 0.014 0.011 0.012 0.011 0.015 0.017 0.029 0.041 0.060 0.038 0.051 0.027 0.024 0.026 0.0225 
5 0.013 0.012 0.014 0.020 0.005 0.014 0.008 0.008 0.011 0.016 CAl 0.014 0.014 0.021 0.018 0.024 0.032 0.042 0.072 0.072 0.039 0.031 0.030 0.045 0.0250 
6 0.023 0.013 0.011 0.011 O.B19 0.016 0.004 0.006 0.010 0.016 0.018 0.014 0.012 0.019 0.017 0.036 NO NO NO NO NO NO NO NO 0.0153 
7 NO NO NO NO NO NO NO NO NO NO 0.027 0.047 0.029 0.016 0.007 0.029 0.028 0.000 0.046 0.062 CAl 0.057 0.068 0.066 0.0371 
8 0.049 0.028 0.014 0.007 0.004 0.004 0.005 0.017 0.015 0.023 CAl CAl 0.021 0.028 0.015 0.010 0.013 0.020 0.059 0.042 0.025 0.037 0.044 0.043 0.0238 
9 0.038 0.038 0.036 0.036 0.041 0.023 0.036 0.048 0.059 0.058 0.035 0.040 0.023 0.014 0.012 0.012 0.016 0.043 0.058 0.039 0.023 0.033 0.036 0.031 0.0345 

10 0.027 0.026 0.023 0.030 0.044 0.037 0.033 0.016 0.019 CAl 0.021 0.024 0.018 0.023 0.039 0.034 0.047 0.041 0.048 0.019 0.015 0.021 0.056 0.034 0.0302 
11 0.040 0.025 0.015 0.034 0.028 0.014 0.030 0.040 0.038 0.038 0.021 0.019 0.023 0.025 0.028 0.039 0.026 0.023 0.012 0.015 0.020 0.043 0.043 0.033 0.0280 
12 0.029 0.018 0.024 0.028 0.032 0.023 0.016 0.028 0.008 CAl 0.022 0.025 0.019 0.021 0.023 0.022 0.023 0.017 0.045 0.047 0.049 0,060 0.058 0.062 0.0304 
13 0.057 0.050 0.029 0.011 0.0\~0.008 0.021 0.029 0.015 0.023 0.031 0.026 0.029 0.027 0.074 0.093 0.085 0.065 0.045 0.038 0.031 0.021 0.020 0.049 0.0370 
14 0.035 0.020 0.014 0.011 O.oOB 0.004 0.005 0.008 0.019 0.025 0.012 0.018 0.023 0.010 0.009 0.012 0.016 0.028 0.052 0.054 0.044 0.042 0.042 0.032 0.0226 
15 O.OZ7 0.012 0.007 0.004 0.005 0.004 0.006 0.010 0.018 CAl 0.041 0.022 0.013 0.016 0.007 0.007 0.014 0.021 0.031 0.048 0.058 0.061 0.063 0.061 0.0242' 
16 0.056 0.047 0.053 0.051 0.057 0.017 0.012 0.005 0.034 0.010 0.013 0.016 0.015 0.013 0.015 0.020 0.019 0.019 0.022 0.022 0.027 0.022 0.012 0.014 0.0246 
17 0.009 0.004 0.008 0.006 0.006 0.005 0.009 0.005 CAl 0.010 0.013 0.016 0.015 0.013 0.015 0.020 0.019 0.019 0.022 0.022 0.027 0.022 0.012 0.014 0.0135 
18 0.009 0.004 0.008 0.006 0.006 0.005 0.009 0.016.0.022 0.012 0.011 0.017 0.012 0.013 0.014 0.011 0.014 0.015 0.016 0.018 0.014 0.016 0.013 0.025 0.0128 
19 0.036 0.052 0.044 0.039 0.014 0.013 0.028 0.031 0.016 0.016 CAl 0.015 0.018 0.014 0.016 0.013 0.023 0.038 0.050 0.066 0.064 0.039 0.058 0.066 0.0334 
20 0.044 0.029 0.053 0.018 0.010 0.011 0.010 0.008 0.018 0.033 0.025 0.017 0.020 0.015 0.015 0.020 0.021 0.040 0.042 0.047 0.047 0.046 0.061 0.056 0.0294 
21 0.052 0.031 0.026 0.012 0.002 0.001 0.005 0.012 0.009 CAl 0.026 0.028 0.026 0.013 0.014 0.018 0.029 0.037 0.041 0.067 0.077 0.060 0.063 0.052 0.0305 
22 0.048 0.048 0.044 0.036 0.022 0.021 0.027 0.024 0.027 0.019 0.018 0.014 0.014 0.016 0.022 0.021 0.025 0.031 0.040 0.033 0.039 0.039 0.021 0.046 0.0290 
23 0.022 0.020 0.012 0.017 0.014 0.037 0.024 0.023 0.016 0.025 0.019 CAl 0.015 0.010 0.016 0.017 0.026 0.031 0.028 0.036 0.064 0.041 0.044 0.038 0.0259 
24 0.018 0.019 0.015 0.011 0.010 0.026 0.026 0.030 0.026 0.019 0.015 0.016 0.015 0.015 0.015 0.012 0.016 0.024 0.026 0.045 0.032 0.026 0.034 0.027 0.0216 
25 0.036 0.027 0.042 0.030 0.044 0.030 0.018 0.029 0.030 CAl 0.019 0.015 0.012 0.012 0.014 0.024 0.025 0.027 0.048 0.085 0.076 0.070 0.059 0.050 0,0357 
26 0.061 0.053 0.044 0.022 0.035 0.028 0.014 0.021 0.032 0.032 0.032 0.027 0.0~6 0.014 0.011 0.013 0.019 0.027 0.057 0.076 0.076 0.074 0.038 0.020 0.0355 
27 0.008 0.003 0.002 0.002 0.002 0.006 0.015 0.016 0.012 CAl 0.039 0.022 0.020 0.027 NO NO 0.023 0.076 0.062 0.060 0.061 0.056 0.047 0.046 0.0288 
28 0.036 0.039 0.040 0.023 0.030 0.029 0.029 0.030 0.025 0.018 0.014 0.015 0.016 0.018 0.019 0.022 0.016 0.022 0.028 0.030 0.034 0.033 0.019 0.018 0.0251 
29 0.012 0.012 0.012 0.012 0.014 0.013 0.016 0.017 0.002 CAl 0.016 0.013 0.018 0.021 0.015 0.014 0.022 0.041 0.045 0.046 0.045 0.037 0.040 0.013 0.0216 
30 0.008 0.009 0.002 0.004 0.004 0.014 0.031 0.036 0.041 0.034 0.027 0.020 0.017 0.014 0.016 0.017 0.028 0.038 0.040 0.031 0.050 0.043 0.022 0.018 0.0235 
31 0.010 0.006 0.001 0.015 0.049 0.037 0.037 0.022 0.017 0.030 0.016 0.017 0.017 0.012 0.010 0.017 0.031 0.049 0.045 0.033 0.040 0.049 0.033 0.019 0.0255 

Monthly Average = 0.0268 

Maximum Hourly Average was 0.093 at Hour 16 on Day 13 with 1 occurenc~s and there were no Hourly Violations 
Maximum Daily Average was 0.0381 on Day 1 with 1 occurences and there were no Daily Violations 
Operating Efficiency = 97.0 percent 
NO= no data, ZS =zero/span, CAL= calibration, IR =repair, RL =relocation, OFF= off, AZS =daily zero/span, INS= insufficient data 
!CEH 1990] 
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MEPA - Kuwait 
May 1991 

Hourly Averages for NO in ppm 

Hour 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Daily 
Day Average 

1 0.002 0.002 0.002 0.001 0.001 0.002 0.004 0.004 0.003 0.004 0.004 0.007 0.005 0.005 0.005 0.003 0.035 NO NO 0.115 0.028 0.092 0.102 0.061 0.0221 
2 0.041 0.009 0.001 0.002 0.002 0.001 0.001 0.004 0.005 0.013 0.026 0.044 0.033 0.027 0.015 0.033 0.014 0.002 0.009 0.022 0.027 0.027 0.025 0.018 0.0167 
3 0.014 0.004 0.003 0.002 0.001 0.001 0.002 0.001 0.002 CAL 0.003 0.003 0.004 0.004 0.003 0.002 0.002 0.003 0.012 0.005 0.005 0.021 0.015 0.032 0.0063 
4 0.011 0.020 0.014 0.002 0.001 0.006 0.003 0.001 0.004 0.006 0.005 0.003 0.004 0.003 0.004 0.005 0.009 0.014 0.046 0.008 0.037 0.001 0.001 0.001 0.0087 
5 0.001 0.000 0.001 0.001 0.000 0.001 0.002 0.002 0.003 0.007 CAL 0.005 0.005 0.009 0.007 0.012 0.016 0.027 0.097 0.109 0.017 0.003 0.005 0.048 0.0164 
6 0.002 0.001 0.000 0.001 0.001 0.003 0.002 0.001 0.002 0.006 0.006 0.005 0.004'0.007 0.005 0.018 NO NO NO NO NO NO NO NO 0.0040 
7 NO NO NO NO NO NO NO NO NO NO 0.015 0.024 0.001 0.007 0.007 0.015 0.000 0.000 0.004 0.036 CAL 0.006 0.063 0.042 0.0169 
8 0.025 0.002 0.001 0.001 0.001 0.001 0.001 0.005 0.000 0.011 CAL CAL 0.005 0.017 0.006 0.001 0.002 0.002 0.019 0.002 0.008 0.015 0.036 0.045 0.0094 
9 0.038 0.051 0.039 0.042 0.056 0.005 0.022 0.037 0.051 0.033 0.009 0.009 0.005 0.002 0.001 0.001 0.001 0.005 0.014 0.017 0.003 0.007 0.016 0.025 0.0204 

10 0.022 0,025 0.019 0.042 0.067 0.044 0.035 0.009 0.012 CAL 0.014 0.011 0.007 0.010 0.022 0.023 0.029 0.025 0.042 0.002 0.001 0.006 0.071 0.021 0.0243 
11 0.033 0.015 0.006 0.036 0.020 0.004 0.020 0.029 0.021 0.019 0.010 0.009 0.012 0.012 0.014 0.022 0.012 0.007 0.001 0.001 0.004 0.023 0.022 0.024 0.0157 
12 0.002 0.001 0.001 0.002 0.001 0.003 0.001 0.012 0.004 CAL 0.011.0.012 0.009 0.010 0.013 0.012 0.008 0.007 0.016 0.012 0.012 0.020 0.028 0.021 0.0095 
13 0.018 0.027 0.007 0.001 0.001 0.001 0.021 0.009 0.002 0.005 0.004 0.006 0.010 0.012 0.014 0.035 0.036 0.030 0.026 0.025 0.019 0.013 0.008 0.037 0.0154 
14 0.024 0.007 0.001 0.001 0.002 0.000 0.001 0.002 0.005 0.009 0.004 0.003 0.001 0.002 0.002 0.002 0.002 0.004 0.011 0.026 0.009 0.015 0.013 0.009 0.0065 
15 0.009 0.002 0.002 0.001 0.001 0.001 0.003 0.003 0.009 CAL 0.019 0.009 0.005 0.011 0.002 0.001 0.000 0.004 0.004 0.017 0.026 0.024 0.070 0.043 0.0116, 
16 0.018 0.007 0.014 0.009 0.025 0.003 0.002 0.003 0.015 0.023 0.019 0.007 0.003 0.003 0.002 0.002 0.003 0.003 0.003 0.003 0.005 0.005 0.004 0.010 0.0080 
17 0.003 0.006 0.003 0.004 0.032 0.019 0.003 0.004 CAL 0.003 0.003 0.004 0.003 0.003 0.001 0.003 0.002 0.001 0.002 0.003 0.004 0.004 0.002 0.007 0.0052 
18 o.oo2 o.oo2 o.oo1 o.oo1 o.oo1 o.oo2 o.oo4 o.o1o o.oo6 o:oo3 o.oo3 o.oo5 o.oo3 o.oo4 o.oo3 o.oo2 o.oo3 0.002 o.ooo o.oo1 o.oo1 o.oo1 o.oo1 o.oo8 o.o029 
19 0.027 0.054 0.046 0.046 0.002 0.004 0.018 0.021 0.009 0.009 CAL 0.007 0.009 0.005 0.004 0.003 0.005 0.006 0.013 0.029 0.037 0.008 0.072 0.099 0.0232 
20 0.046 0.020 0.079 0.010 0.011 0.001 0.002 0.003 0.010 0.022 0.014 0.006 0.008 0.005 0.005 0.006 0.004 0.013 0.006 0.004 0.003 0.012 0.037 0.022 0.0146 
21 0.021 o.oo5 o.oo4 o.oo1 o.oo1 o.oo1 o.oo2 o.oo3 o.oo4 cAL 0.020 o.oo3 o.oo3 o.oo2 o.ooo o,oo2 0.002 o.oo3 0.001 o.oo8 o.019 o.oo7 0.012 o.o11 o.oo59 
22 0.007 0.011 0.027 0.037 0.004 0.006 0.007 0.008 0.012 0.005 0.005 0.003 0.003 0.004 0.007 0.007 0.007 0.007 0.009 0.005 0.013 0.015 0.001 0.014 0.0093 
23 0.006 0.009 0.002 0.003 0.003 0.025 0.004 0.006 0.009 0.010 0.004 CAL 0.005 0.003 0.004 0.005 0.007 0.009 0.009 0.011 0.048 0.012 0.130 0.180 0.0219 
24 0.001 0.001 0.000 0.000 0.001 0.003 0.013 0.014 0.009 0.005 0.002 0.004 0.004 o.oos 0.004 0.003 0.003 0.002 0.002 0.010 0.005 0.005 0.017 0.013 0.0052 
25 0.026 0.012 0.030 0.021 0.034 0.016 0.004 0.012 0.013 CAL 0.075 0.005 0.006 0.004 0.003 0.006 0.003 0.003 0.006 0.046 0.035 0.067 0.029 0.060 0.0243 
26 0.067 0.056 0.034 0.001 0.015 0.007 0.003 0.003 0.011 0.010 0.009 0.009 0.007 0.002 0.002 0.002 0.001 0.001 0.016 0.095 0.103 0.033 0.006 0.001. 0.0214 
27 0.001 0.001 0.000·0.001 0.001 0.001 0.001 0.001 0.003 CAL 0.038 0.007 0.010 0.013 NO NO 0.009 0.039 0.056 0.061 0.066 0.069 0.049 0.046 0.0225 
26 o.o3o o.036 o.o41 0.011 0.022 o.o22 0.022 o.o21 o.o13 o.oo6 o.oo5 o:oo6 o.oo7 0.011 o.o1o o.oo9 o.oo3 o.oo3 o.oo2 o.oo1 o.oo2 o.oo2 o.oo2 o.oo1 o.o123 
29 0.001 0.001 0.001 0.001 0.002 0.004 0.007 0.008 0.002 CAL 0.007 0.006 0.006 0.010 0.007 0.003 0.004 0.010 0.010 0.010 0.016 0.014 0.056 0.002 0.0083 
30 0.002 0.003 0.000 0.000 0.000 0.006 0.021 0.022 0.023 0.009 0.007 0.007 0.006 0.006 0.003 0.003 0.004 0.004 0.001 0.003 0.027 0.014 0.004 0.004 0.0075 
31 0.001 o.oo2 o.oo5 o.oo1 o.o33 o.016 o.014 o.oo5 o;oo3 o.oo6 o.oo3 o.oo3 o.oo1 o.oo1 0.001 o.oo2 o.oo6 0.022 o.oo6 o.oo6 o.014 o.o52 0.011 o.oo4 o.0092 

Maximum Hourly Average was 0.180 at Hour 24 on Day 23 with 1 occurences and there were no Hourly Violations 
Maximum Daily Average was 0.0243 on Day 10 with 2 occurcnces and there were no Daily Violations 
Operating Efficiency = 97.0 percent 

Monthly Average = 0.0130 

NO= no data, ZS =zero/span, CAL= calibration, lR r repair, RL =relocation, OFF= off, AZS =daily zero/span, INS= insufficient data 
[CEM 19901 
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MEPA - Kuwait 
May 1991 

Frequency Distribution 
Hourly Averages for NO in ppm 
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MEPA • Kuwait 

May 1991 
Hourly Averages for H2S in ppm 

Hour 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16· 17 18 19 20 21 22 23 24 . Daily 
Day Averag 

1 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.006 0.007 0.007 0.008 0.008 0.009 0.009 0.009 NO NO 0.007 0.008 0.007 0.008 0.008 0.0066 
2 0.008 0.012 0.015 0.019 0.020 0.018 0.016 0.017 0.016 0.017 0.016 0.015 0.016 0.015 0.014 0.014 0.013 0.012 0.012 0.012 0.012 0.012 0.012 0.012 0.0144 
3 0.011 0.011 0.011 0.010 0.010 0.010 0.010 0.008 0.007 CAL 0.008 0.007 0.007 d.008 0.008 0.008 0.008 0.008 0.007 0.006 0.007 0.007 0.007 0.007 0.0083 
4 0.007 0.007 0.007 0.006 0.006 0.007 0.006 0.005 0.007 0.007 0.007 0.007 0.008 0.009 0.010 0.010 0.010 0.009 0.008 0.008 0.008 0.008 0.008 0.008 0.0076 
5 0.008 0.008 0.008 0.008 0.009 0.009 0.008 0.007 0.007 0.007 CAL 0.009 0.009 0.010 0.011 0.011 0.011 0.010 0.009 0.008 0.007 0.008 0.008 0.008 0.0086 
6 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.006 0.006 0.007 0.008 0.009 0.010 0.011 0.011 0.012 NO NO NO NO NO NO NO NO 0.0085 
7 NO NO NO NO NO NO NO NO NO NO 0.013 0.013 0.015 0.019 0.013 0.011 0.009 0.008 0.008 0.007 CAL 0.008 0.007 0.007 0.0106 
8 0.006 0.006 0.006 0.005 0.006 0.006 0.006 0.006 0.008 0.010 CAL CAL 0.015 0.015 0.014 0.013 0.014 0.013 0.012 0.009 0.008 0.009 0.011 0.012 0.0095 
9 0.012 0.011 0.011 0.011 0.011 0.010 0.011 0.012 0.010 0.009 0.010 0.012 0.015 0.019 0.023 0.025 0.025 0.021 0.016 0.013 0.012 0.012 0.013 0.014 0.0141 

10 0.013 0.012 0.011 .0.010 0.010 0.009 0.008 0.008 0.009 CAL 0.015 0.020 0.019 0.014 0.012 0.011 0.009 0.008 0.007 0.007 0.008 0.008 0.009 0.010 0.0107 
11 0.009 0.009 0.009 0.009 0.008 0.008 0.009 0.009 0.011 0.011 0.012 0.012 0.012 0.013 0.014 0.014 0.014 0.013 0.011 0.009 0.008 0.007 0.006 0.006 0.0101 
12 0.006 0.007 0.006 0.006 0.006 0.006 0.006 0.006 0.007 CAL 0.009 0.011 0.012 0.013 0.015 0.015 0.015 0.014 0.012 0.010 0.008 0.007 0.007 0.006 0.0091 
13 0.006 0.006 0.006 0.006 0.006 0.006 0.005 0.005 0.006 0.007 0.007 0.008 0.002 0.003 0.005 0.009 0.013 0.017 0.020 0.021 0.019 0.016 0.015 0.007 0.0092 
14 0.008 0.008 0.007 0.008 0.008 0.007 0.007 0.007 0.007 0.008 0.010 0.012 0.011 0.009 0.008 0.008 0.007 0.007 0.007 0.008 0.007 0.007 0.007 0.007 0.0~79 

15 0.009 0.012 0.014 0.014 0.014 0.013 0.013 0.012 0.012 CAL 0.014 0.016 0.018 0.021 0.027 0.028 0.026 0.022 0.019 0.016 0.013 0.011 0.010 0.010 0.0158 
16 0.009 0.008 0.008 0.009 0.009 0.009 0.010 0.008 0.011 0.010 0._010 0.011 0.013 0.015 0.017 0.020 0.020 0.018 0.016 0.014 0.012 0.011 0.010 0.009 0.0120 
17 0.009 0.008 0.008 0.007 0.007 0.007 0.007 0.008 CAL 0.010 0.010 0.011 0.013 0.015 0.017 0.020 0.020 0.018 0.016 0.014 0.012 0.011 0.010 0.009 0.0116 
18 0.009 0.008 0.008 0.007 0.007 0.007 0.007 0.007 0.007 0.011 0.010 0.010 0.011 0.012 0.012 0.013 0.013 0.012 0.011 0.010 0.008 0.008 0.007 0.007 0.0092 
19 0.007 0.007 0.006 0.007 0.007 0.007 0.006 0.006 0.006 0.007 CAL 0.010 0.010 0.011 0.012 0.012 0.012 0.012 0.011 0.009 0.009 0.008 0.007 0.008 0.0086 
20 0.007 0.007 0.007 0.007 0.007 0.006 0.006 0.006 0.007 0.008 0.010 0.012 0.014 0.018 0.024 0.030 0.035 0.033 0.023 0.017 0.013 0.011 0.010 0.009· 0.0136 
21 0.008 0.008 0.007 0.007 0.008 0.008 0.009 0.007 0.029 CAL 0.041 0.040 0.038 0.035 0.034 0.032 0.026 0.021 0.018 0.015 0.013 0.012 0.012 0.011 0.0191 
22 0.010 0.010 0.010 0.009 0.009 0.009 0.008 0.009 0.009 0.010 0.011 0.012 0.013 0.014 0.015 0.015 0.015 0.014 0.013 0.012 0.011 0.011 0.011 0.011 0.0113 
23 0.010 0.009 0.009 0.009 0.011 0.011 0.011 0.011 0.011 0.011 0.011 CAL 0.011 0.011 0.011 0.011 0.012 0.011 0.010 0.009 0.008 0.008 0.008 0.008 0.0101 
24 0.008 0.009 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.007'0.007 0.008 0.008 0.009 0.010 0.010 0.011 0.010 0.009 0.008 0.008 0.007 0.007 0.008 0.0083 
25 0.008 0.008 0.008 0.008 0.008 0.008 0.007 0.007 0.007 CAL 0.010 0.009 0.012 0.013 0.014 0.015 0.015 0.015 0.013 0.011 0.010 0.009 0.008 0.008 0.0100 
26 0.008 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.008 0.010 0.012 0.015 0.018 0.021 0.023 0.022 0.020 0.016 0.014 0.011 0.010 0.009 0.009 0.0118 
27 0.009 0.009 0.008 0.007 0.007 0.007 0.008 0.008 0.009 CAL 0.017 0.018 0.022 0.027 NO NO 0.033 0.027 0.027 0.023 0.019 0.015 0.013 0.011 0.0154 
28 0.009 0.008 0.008 0.007 0.006 0.006 0.006 0.006 0.006 0.007 0.009 0.009 0.010 0.011 0.012 0.012 0.013 0.012 0.011 0.010 0.008 0.008 0.007 0.006 0.0086 
29 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 0.006 CAL 0.007 0.008 0.009 0.010 0.011 0 •. 012 0.013 0.012 0.011 0.010 0.009 0.008 0.007 O.Op7 0.0082 
30 0.006 0.006 0.005 0.005 0.006 0.006 0.005 0.005 0.005 0.006 0.006 0.007 0.008 0.009 0.010 0.011 0.012 0.011 0.011 0.009 0.008 0.008 0.007 0.007 0.0075 
31 0.006 0.006 0.005 0.005 0.005 0.006 0.006 0.006 0.006 0.006 0.007 0.009 0.010 0.011 0.011 0.012 0.011 0.011 0.010 0.009 0.008 0.008 0.007 0.006 0.0078 

Monthly Average = 0.0105 

Maximum Hourly Average was 0.041 at Hour 11 on Day 21 with 1 occurences and there were no Hourly Violations 
Maximum Daily Average was 0.0191 on Day 21 with 1 occurences and there were no Daily Violations 
Operating Efficiency = 97.0 percent . 

NO= no data, ZS =zero/span, CAL= calibration, IR =repair, RL =relocation, OFF= off, AZS =daily zero/span, INS= insufficient data 

[CEM 1990] 
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Hour 2 

MEPA · Kuwait 
May 1991 

Hourly Averages for 502 in ppm 

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Daily 
Day Average 

1 0.001 0.002 0.001 0.002 0.002 0.004 0.004 0.003 0.003 0.006 0.006 0.008 0.006 0.005 0.005 0.005 0.012 NO NO 0.034 0.013 0.018 0.025 0.028 0.0088· 
2 0.025 0.037 0.043 0.056 0.078 0.049 0.052 0.054 0.074 0.111 0.107 0.052 0.030 0.025 0.018 0.023 0.019 0.007 0.010 0.016 0.021 0.022 0.019 0.017 0.0402 
3 0.015 0:007 0.004 0.003 0.002 0.002 0.002 0.002 0.005 CAL 0.007 0.003 0.004 0.005 0.003 0.003 0.002 0.003 0.007 0.004 0.004 0.013 0.010 0.021 0.0057 
4 0.010 0.016 0.012 0.002 0.001 0.008 0.004 0.008 0.007 0.007 0.006 0.006 0.010 0.005 0.007 0.007 0.012 0.016 0.024 0.007 0.018 0.003 0.003 0.003 0.0084 
5 0.002 0.002 0.002 0.002 0.001 0.001 0.001 0.004 0.016 0.025 CAL 0.006 0.007 0.009 0.009 0.013 0.014 0.017 0.037 0.038 0.010 0.003 0.005 0.019 0.0106 
6 0.003 0.003 0.002 0.001 0.002 0.002 0.002 0.003 0.008 0.018 0.012 0.007 0.006 0.008 0.006 0.017 NO NO NO NO NO NO NO NO 0.0063 
7 NO NO NO NO NO NO NO NO NO NO 0.010 0.021 0.008 0.011 0.008 0.010 0.006 0.014 0.009 0.062 CAL 0.008 0.017 0.015 0.0153 
8 0.019 0.008 0.005 0.006 0.036 0.066 0.030 0.036 0.044 0.030 CAL CAL 0.023 0.019 0.012 0.009 0.010 0.008 0.015 0.009 0.031 0.215 0.128 0.001 0.0345 
9 0.072 0.048 0.047 0.038 0.032 0.018 0.025 0.029 0.025 0.023 0.011 0.015 0.011 0.013 0.016 0.016 0.014 0.012 0.012 0.051 0.183 0.287 0.283 0.100 0.0575 

10 0.066 0.038 0.056 0.022 0.030 0.023 0.020 0.009 0.010 CAL 0.015 0.018 0.013 0.013 0.018 0.016 0.020 0.015 0.019 0.005 0.004 0.007 0.031 0.014 0.0210 
11 0.018 0.011 0.007 0.019 0.013 0.007 0.016 0.019 0.017 0.016 0.010 0.010 0.012 0.013 0.014 0.019 0.013 0.010 0.004 0.003 0.004 0.012 0.013 0.014 0.0123 
12 0.007 0.005 0.004 0.005 0.006 0.006 0.005 0.012 0.004 CAL 0.016 0.016 0.019 0.017 0.015 0.014 0.012 0.009 0.011 0.005 0.005 0.006 0.005 0.007 0.0092 
13 0.009 0.014 0.021 0.022 0.022 0.013 0.024 0.023 0.018 0.023 0.010 0.013 0.013 0.019 0.033 0.048 0.053 0.035 0.027 0.018 0.020 0.019 0.017 0.024 0.0224 
14 0.063 0.041 0.029 0.032 0.033 0.022 0.012 0.017 0.067 0.054 0.019 0.017 0.014 0.011 0.019 0.020 0.014 0.022 0.030 0.012 0.011 0.017 0.070 0.217 0.0360 
15 0.203 0.159 0.084 0.030 0.027 0.021 0.051 0.023 0.018 CAL 0.021 0.016 0.014 0.018 0.015 0.015 0.013 0.011 0.010 0.010 0.015 0.012 0.014 0.013 0.0353 
16 0.009 0.008 0.009 0.009 0.015 0.020 0.042 0.011 0.012 0.013 0.013 0.009 0.010 0.006 0.007 0.009 0.008 0.007 0.005 0.005 0.005 0.004 0.002 0.004 0.0101 
17 0.002 0.001 0.004 0.025 0.020 0.012 0.009 0.003 CAL 0.003 0.003 0.005 0.005 0.006 0.007 0.009 0.008 0.007 0.005 0.005 0.005 0.004 0.002 0.004 0.0067 
18 0.002 0.001 0.004 0.025 0.020 0.012 0.009-0.008 0.008 0.004 0.003 0.005 0.004 0.004 0.005 0.004 0.005 0.003 0.002 0.002 0.001 0.001 0.002 0.005 0.0058 
19 0.013 0.026 0.021 0.023 0.009 0.012 0.012 0.014 0.007 0.007 CAL 0.006 0.006 0.005 0.005 0.005 0.007 0.009 0.013 0.019 0.015 0.007 0.028 0.040 0.0134 
20 0.022 0.012 0.035 0.009 0.004 0.001 0.002 0.006 0.009 0.014 0.011 0.008 0.010.0.009 0.013 0.018 0.020 0.028 0.012 0.006 0.003 0.006 0.011 0.012 0.0117 
21 0.022"0.010 0.004 0.003 0.004 0.012 0.022 0.015 0.037 CAL 0.070 Q,Q43 0.040 0.040 0.027 0.026 0.025 0.018 0.013 0.018 0.017 0.013 0.011 0.016 0.0220 
22 0.023 0.015 0.015 0.018 0.008 0.010 0.027 0.029 0.021 0.007 0.005 0.018 0.026 0.022 0.016 0.021 0.011 0.009 0.011 0.015 0.021 0.011 0.004 0.015 0.0157 
23 0.013 0.020 0.006 0.009 0.014 0.023 0.010 0.013 0.011 0.010 0.007 CAL 0.010 0.006 0.007 0.008 0.010 0.012 0.007 0.010 0.027 0.013 0.011 0.028 0.0124 
24 0.009 0.005 0.004 0.004 0.004 0.005 0.024 0.044 0.049 0.018 0.005 0.006 0.006 0.007 0.006 0.005 0.005 0.005 0.004 0.020 0.014 0.005 0.014 0.010 0.0116 
25 0.019 0.013 0.023 0.017 0.026 0.016 0.006 0.012 0.013 CAL 0.046 0.008 0.009 0.007 0.008 0.010 0.009 0.007 0.007 0.016 0.017 0.033 0.012 0.029 0.0158 
26 0.035 0.030 0.024 0.007 0.008 0.007 0.005 0.005 0.012 0.033 0.037 0.010 0.010 0.009 0.010 0.014 0.013 0.010 0.009 0.012 0.015 0.014 0.029 0.057 0.0173 
27 0.044 0.027 0.010 0.008 0.022 0.056 0.150 0.144 0.028 CAL 0.028 0.035 0.028 0.032 NO NO 0.029 0.037 0.037 0.033 0.034 0.032 0.026 0.025 0.0412 
28 0.018 0.020 0.022 0.012 0.016 0.017 0.018 0.016 0.012 0.006 0.006 0.006 0.008 0.010 0.009 0.010 0.006 0.005 0.005 0.004 0.005 0.005 0.004 0.004 0.0102 
29 0.004 0.004 0.005 0.005 0.005 0.006 0.008 0.008 0.004 CAL 0.009 0.007 0.009 0.010 0.009 0.007 0.008 0.009 0.009 0.008 0.010 0.016 0.023 0.005 0.0082 
30 0.005 0.006 0.005 0.016 0.015 0.036 0.053 0.062 0.034 0.009 0.007 0.008 0.008 0.007 0.008 0.024 0.026 0.026 0.019 0.022 0.032 0.036 0.010 0.006 0.0200 
31 0.005 0.007 0.057 0.133 0.131 0.155 0.109 0.088 0.015 0.028 0.030 0.027 0.017 0.012 0.021 0.021 0.014 0.012 0.012 0.009 0.020 0.008 0.006 0.019 0.0398 

Monthly Average = 

Maximum Hourly Average was 0.287 at Hour 22 on Day 9 with 1 occurenccs and the Number of Hourly Violations were ~ 
Maximum Daily Average was 0.0575 on Day 9 with 1 occurences and there were no Daily Violations 
Operating Efficiency = 97.0 percent . 
NO= no data, zs =zero/span, CAL= calibration, JR ~repair, Rl =relocation, OFF= off, AZS =daily zero/span, INS= insufficient data 
[CEM 19901 
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u 
MEPA ~ Kuwait 

May 1991 
Frequency Distribution 

Hourly Averages for S02 in ppn 

Concentration # of Hours 

0.000 - 0.020 527 

0.021 - 0.060 150 

0.061 0.110 16 
0.111- 0.170 8 

0.171 - 0.340 6 

0.341+ 0 

- \_) ... - () 

Percentage 

74.5 
21.2 

2.3 
1.1 
0.8 

0.0 
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Hour 2 

MEPA -. Kuwait 
June 1991 

Hourly Averages for Direction(degrccs) 

3 4 5 6 7 8 

( --- \ 

- ~ 

9 10 11 12 

--
,. 

0 

13 14 15 16 17 18 19 20 21 22 23 24 Daily 
Day Average 

1 325 328 326 324 326 322 323 328 337 0 16 15 21 21 15 16 19 8 325 309 309 324 320 307 341.43 
2 304 319 355 330 327 321 331 336 348 354 1 338 31,1 312 307 326 322 320 317 307. 305 308 315 323 326.00 
3 323 324 328 328 328 325 323 320 324 0 323 329 331 333 331 329 335 338 339 338 329 323 322 322 329.32 

4 322 322 317 310 299 304 319 323 321 328 327 326 324 326 328 333 332 332 339 .339 333 326 319 313 323.45 
5 287 291 309 313 311 314 319 323 327 0 330 333 328 330 332 334 334 338 337 327 332 330 325 318 324.34 

6 318 322 325 322 321 316 313 327 323 335 342 341 341 337 338 343 341 349 6 10 17 18 17 357 340.55 

7 349 323 320 329 331 332 330 312 320 326 330 333 334 334 338 336 334 331 328 329 327 323 317 312 328.25 

8 315 319 319 320 317 319 319 327 332 0 333 . 337 332 337 332 330 328 333 337 336 329 333 321 324 328.66 

9 325 332 342 329 323 276 283 300 324 313 314 324 325 338 333 336 340 337 337 332 330 
10 311 288 279 289 279 292 311 313 311 0 315 318 322 328 325 323 322 320 322 326 333 

11 312 289 280 303 317 313 302 323 342 344 341 340 333 340 338 325 323 322 326 328 330 

12 1 0 353 354 341 359 5 5 9 0 18 22 23 20 12 341 340 346 16 15 14 

13 25 33 9 304 287 291 1 327 284 336 0 15 15 15 16 28 47 51 17 300 248 

14 337 326 267 324 337 297 318 334 339 344 341 21 42 43 91 138 130 172 218 302 256 
15 261 268 272 251 265 260 261 266 277 0 358 354 96 80 128 123 123 134 136 128 153 
16 242 242 253 271 275 288 279 280 290 332 338 22 47 63 118 145 140 141 172 264 281 

17 326 329 327 327 328 326 327 325 327 0 332 325 331 328 326 332 331 333 333 325 323 
18 306 301 303 294 294 309 309 314 313 309 317 331 333 333 318 331 334 337 335 324 315 

19 283 286 283 283 280 292 303 306 309 310 309 349 26 61 91 119 102 143 151 197 247 
20 284 326 317 308 307 327 331 340 19 0 45 80 131 145 144 139 141 127 131 162 179 

21 238 186 168 131 171 173 183 207 213 232 239 137 126 149 149 160 158 161 159 165 174 

22 219 243 249 229 148 161 171 234 277 0 104 121 128 113 122 134 140 137 112 92 112 
23 111 126 150 196 . 134 268 288 11 41 34. 53 66 84 92 111 124 99 124 146 167 191 

24 195 184 169 210 244 255 275 272 264 0 283 106 112 12 86. 129 132 129 146 177 196 
25 240 229 130 137 192 227 248 241 257 288 330 67 0 126 151 155 176 181 167 167 175 

26 210 164 126 179 138 142 137 125 102 115 121 134 1.25 132 135 92 74 107 111 126 121 
27 119 104 131 131 94 84 78 78 65 0 65 57 70 75 79 88 96 111 109 338 286 
28 315 335 18 310 307 357 71 32 4 346 340 12 25 45 81 94 100 127 154 184 242 

29 254 251 253 261 269 265 267 269 283 318 347 331 339 334 324 326 338 341 341 337 329 

30 327 324 322 323 311 295 291 310 312 0 318 326 332 333. 336 333 336 334 331 327 329 

Operating Efficiency for Wind Direction= 100.0 percent 
Last Instrument Calibration Date- unknown 
[CEMl 

** = missing or no data 

325. 319 
349 352 
337 347 

12 14 

278 7 

314 323.29 

349 318.25 

356 325.69 

36 5.69 

5 350.91 
261 260 262 316.63 

160 188 266 211.71 
281 280 315 276.59 
310 308 . 306 326.84 

303 285 275 313.55 

232 247 
200 253 

179 186 

103 100 
225 225 
230 232 

198 215 
113 117 

281 3 
272 267 
314 310 

331 329 

238 280.90 
246 239.79 
198 175.90 

102 141.59 

165 125.61 
245 199.05 

212 195.59 
117 126.55 

31 74.72 
260 0.92 
322 306.08 

304 323.96 
Monthly Average = 326 



ME~A - Kuwait 
June 1991 

Hourly Averages for Yind Speed(meters/sec) 

Hour 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

Day r------------------------------------------------------------------------------------------------------1 
1 3.5 3.6 3.1 3.6 3.4 3.3 2.5 3.2 3.6 0.0 6.4 8.1 8.2 7.8 8.1 7.8 8.0 5.8 2.4 2.5 2.7 2.9 2.3 2.6 
2 3.6 2.2 2.6 2.5 2.7 2.1 2.6 2.1 2.5 2.6 3.5 . 2.9 2.5 3.9 4.1 2.7 2.3 3.2 2.5 3.6 4.3 4.6 5.0 6.3 
3 6.7 7.1 8.4 8.4 7.3 6.9 7.4 7.6 8.2 0.0 8.6 8.7 8.6 8.6 9.0 8.4 7.5 6.3 5.2 5.0 5.4 4.6 4.7 4.1 
4 4.0 4.0 3.8 4.3 4.0 4.5 5.8 6.7 6.9 7.6 8.6 9.2 9.2 8.6 9.3 8.7 7.9 6.7 5.9 5.5 5.1 4.6 4.2 5.0 
5 4.5. 4.8 5.7 5.6 6.3 6.3 6.2 7.4 8.6 o.o 9.3 8.2 9.1 9.5 9.3 8.9 8.2 6.6 5.8 4.9 5.3 4.9 3.7 3.7 
6 4.3 4.7 4.2 5.3 4.9 5.4 6.1 4.4 3.2 4.3 5.0 5.2 5.8 6.2 6.8 6.4 5.7 4.6 2.9 2.7 3.3 2.5 2.2 1.2 
7 1.3 1.4 2.4 3. 7 4.2 3.9 3.8 6.5 7.0 8.6 9.0 9.1 8. 7 8.4 8.2 8.3 8.1 7.8 6.9 5.9 5.4 5.3 5.2 6.1 
8 6.0 6.2 5.6 6.0 5.0 5.0 5.0 4.3 4.6 0.0 7.1 7.0 6.8 6.3 7.5 7.8 7.2 6.4 5.0 4.8 4.1 3.6 3.6 4.0 
9 4.0 5.1 4.6 4.2 3.8 4.1 4.7 5.8 6.5 7.7 7.9 8.3 7.7 7.7 8.0 8.2 7.3 6.4 6.1 5.4 4.7 4.1 4.0 4.5 

10 4.1 4.1 3.4 3.3 3.4 4.9 5.5 6.3 7.2 0.0 8.0 10.0 10.6 9.5 9.5 9.2 8.2 6.3 4.9 3.8 3.6 3.2 2.4 2.2 
11 1.8 2.8 2.6 3.3 3.5 3.9 4.1 3.5 3.5 3.4 5.8 6.3 6.5 5.8 6.2 7.1 6.6 6.2 4.7 4.6 4.2 3.4 2.2 2.3 
12 3.2 3.2 4.0 3.3 2.7 2.8 2.7 3.3 4.0 0.0 4.5 5.0 4.7 4.3 4.4 4.6 5.0 5.1 4.1 4.9 5.4 4.7 3.4 2.3 
13 2.4 1.7 2.0 1.1 1.4 1.2 2.1 1.7 3.0 2.4 4.4 5.2 5.4 5.9 5.3 4.1 3.8 2.5 3.9 2.6 2.4 1.9 2.7 2.7 
14 1.9 1.6 2.4 2.3 2.4 2.2 1.6 2.2 2.7 2.7 3.7 6.9 4.9 3.9 2.3 1.2 1.4 1.0 1.0 0.9 2.4 3.7 3.8 3.8 
15 3.5 2.7 2.7 3.8 3.6 3.8 4.0 2.4 3.5 0.0 3.4 2.2 1.0 2.2 2.8 2.8 2.5 2.2 2.4 1.6 1.7 1.7 2.8 3.7 
16 4.3 5.4 5.1 3.7 3.8 2.8 2.7 2.8 2.7 3.0 2.4 3.0 2.1 1.6 1.6 0.9 1.4 1.5 1.5 2.4 2.7 2.6 3.4 3.9 
17 5.1 5.4 5.3 5.6 5.1 4.5 4.5 4.1 6.3 0.0 7.5 9.0 8.9 8.7 8.8 8.6 8.4 7.4 7.6 6.8 5.9 7.0 7.6 7.8 
18 7.5 6.9 7.7 6.0 5.5 7.5 8.8 8.6 9.4 10.5 9.1 9.1 8.0 8.0 7.3 7.4 6.8 6.4 5.6 3.8 3.7 4.9 4.8 4.3 
19 4.9 5.4 6.2 6.1 5.4 4.8 6.1 6~8 8.5 7.6 6.1 4.4 3.9 4.9 4.0 3.7 3.2 3.6 2.5 2.0 2.7 2.5 2.9 3.7 
20 3.5 2.3 2.5 3.7 0.0 2.2 2.2 2~6 2.3 0.0 2.8 3.4 6.1 6.2 6.5 4.9 4.5 2.6 2.2 3.0 4.2 4.2 3.3 4.1 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

3.5 
5.3 
3:0 

1.5 
3.7 
4.7 
2.3 
0.0 

2.1 
5.4 
3.4 
1.0 
4.0 
1.6 
2.0 
0.1 

1.4 
4.2 
2.0 
0.2 
4.2 
2.9 
1.2 
0.0 

1.8 1.0 
3.9 3.1 
0.9 0.0 
1.1 0.4 
2.4 1.3 
3.5 1.3 
1.2 1.7 
1.0 2.4 

2.0 2.3 2~1 2.2 
2.3 2.0 1.8 1.4 
0.0 0.1 0.1 2.2 
1.5 2.3 2.6 2.3 
1.8 3.1 3.3 3.3 
3.0 3.3 1.8 3.9 
1.2 1.8 i:8 1.3 
0.2 0.1 2.0 2.3 

3.6 3.7 3.7 4.0 
5.9 5.3 5.1 4.5 

3. 7 4.1 
4.6 4.0 

3.6 3.4 
5.6 6.9 

3.1 
7.1 

2.6. 2.8 

0.0 2.5 
3.3 3.0 
0.0 2.4 
1.6 0.1 
3.1 5.3 
0.0 0.6 
2.9 2.6 
2.8 4.0 
0.0 7.3 

0.7 1.2 2.5 
1.5 1.6 2.0 
3.5 4.6 5.0 
0.8 1.8 1.1 
2.0 0.0 5.1 
5.1 5.2 5.7 
1.1 2.2 2.8 
3.8 4.5 4.0 
5. 7 5.9 
8.3 8.3 

7.3 
7. 7 

Maximum Hourly Average Yind Speed was 10.6 meters/sec at Hour 13 on Day 10 
Maximum Dafly Average Yind Speed was 6.98 meters/sec on Day 18 
Operating Efficiency for Yind Speed = 100.0 percent 
Last Instrument Calibration Date- unknown 
[CEMJ 

u 

** = missing or no data · 

u 

4.5 
3.2 
3.1 
2.2 
5. 7 
6.7 
3.2 
1.9 
7.7 
8.3 

6.5 
4.9 
1.2 
1. 5 

6.0 
5.0 
3.3 
1. 7 
7.5 
7.9 

6.5 6.2 5.9 6.7 6.0 
4.8 3.9 3.5 3.5 2.5 
2.8 3.0 3.1 2.6 2.2 
1.3 4.0 3.7 3.5 3.2 
5.9 6.o· 6.7 5.8 5.6 
4.6 4.9 4.3 4.3 4.1 
3.5 3.3 1.2 0.0 0.5 
1.5 0.5 0.0 0.0 0.0 
6.7 6.3 
7.2 6.2 

4.9 
5.6 

4. 7 3.8 
5.3 5.6 

5.7 4.5 5.9 
2.0 2.2 3.0 
1.9 2.0 0.7 
2.9 3.1 4.2 
2.9 3.2 4.4 
2.5 1.7 1.7 
0.0 o.o 0.0 
1.0 1.9 3.0 
3. 7 4.9 4.6 
5.0 4.1 4.3 

Monthly Average = 

0 

Daily 
Average 
4.39 
3.20 
6.78 
6.25 
6.37 
4.47 
6.05 
5.37 
5.87 
5.57 
4.35 
3.82 
2.99 
2.62 
2.62 
2.80 
6.50 
6.98 
4.66 
3.30 
3.61 
2.94 
2.24 
2.03 
3.67 
3.76 
1.51 
1.56 
4.72 
5.84 
4.23 
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MN9 MN~ MNN~ MNNS MNN9 MNNS MNN9 MNN9 MNNl MNNQ MNNQ MNN9 MNNQ MNQ MNl NO MNl MNl MNM9 MNM~ MNS MN~ MNS MNS MNN9 0£ 
MNS MNS MNS MN~ MNN~ MNNS MNNS MNN9 MNNl MNQ MNQ MNNl MNN9 MNN9 MNN~ MN£ MNM£ M£ M~ M~ M~ M~ MSM~ MSM~ MSM~ 62 

N2 M£ M2 Mt. MSMO SO 3SS0 3SO 32 32 32 3N~ 3NN~ 3NN~ MNN£ MNN£ N2 3NN2 3N30 NO MN2 MNt 3NNO MNNO MHO 92 
3N32 3NNO NO MO MNMO MNNO 3S3t 3S3£ . 3~ 3£ 3£ 3N3£ 3N32 3N3t 3N3t NO 3N3t 3N32 3N32 3t 32 3St 3St 3S32 3S32 l2 
3S~ 3S32 3S32 3S32 3S3~ 3S~ 3S3~ 3S3S 3N3S 3S 3Sl 3S9 3SS 3SS 3S3S 3S3£ 3S3~ 3S2 3S£ 3S£ 3St S~ 35£ 3S52 MSSS 92 

MSS~ MSS~ MS£ MSS£ S9 3SS9 3SSl. S9 S9 3SS9 35S9 3SS NO 3N32 M'NNO MNM2 MSM£ MSM£ MSM£ MS2 MSSt 3S2 35~ MS~ MSM~ S2 
MSS2 MSM~ MS£ MS£ MSS£ 5~ 35~ 3S~ 35t 352 32 3NNt 3S32 3S3t MNM2 NO M2 M£ M2 M5M2 MSMO MSSt SO St MSS2 ~2 

3S2 3SSt MS2 M52 S2 35S£ 3S£ 3S£ 3£ 35t 3S3£ 3S 3S 3N3~- 3N£ 3N£ 3N2 NO MNMO MO 3SO MSSt 3SS2 3S£ 3S3£ £2 
3S£ 3S3£ 32 3S32 3S32 3~ 353~ 35~ 3SS 3SS 3S3£ 3532 3S2 3S32 3532 NO Mt MS2 S2 3S52 3SS£ MS~ MSM~ MSMS MSS 22 
S~ MSS9 S~ S9 S9 3SSl 3SS9 3SS9 3SS9 3SS9 3SS~ 3SS2 35t 3St MSM£ MS£ MSS2 MSS2 S2 S2 St 3S2 355t S2 MSM~ t2 

MSM£ MSM~ MSM£ MSS~ S~ 3SS£ 3S2 3S£ 3S7 3SS 3S9 3S9 3S9 3£ 3N£ NO 3NN2 MNN£ MNN2 MNN2 MNO MN~ MN2 MN2 MNM~ 02 
MS MSM~ MSM£ MS2 MSM£ MSS2 3SS2 3S~ 353£ 3S3~ 3~ 3N3S 3NN~ N~ MN9 MNQ MN9 MNl MNM9 MNMS MS MNM9 MNM9 MNMS MNMS 6t 

MNl M~ MNMS MNMS MN~ MN~ MNN9 MNN9 MNNl MNNl MNl MNNQ MNNQ MNN6 MN6 MNOt MN6 MN6 MN6 MNQ MNM9 MNM9 MNMQ MNMl MNQ 9t 
MNN9 MNQ MN9 MNl MN9 MNl MNNQ MNNl MNNQ MNN6 MN6 MNN6 MNN6 MN6 MNNQ NO MNN9 MN~ MNN~ MN~ MNNS MNN9 MNNS MNNS MNS lt 

M£ MN~ M£ M£ M£ M2 S2 3S2 3St 3St 3S32 3N32 3N2 3NN£ MNN2 MNN£ MNM£ M£ M£ MNM£ M~ M~ MSMS MSMS MSM~ 9t 
MS5£ M~ S£ 3SS2 3SS2 3S2 3S2 3S2 3S32 3S3£ 3S£ 32 3t N2 N£ NO M~ M2 M~ M~ M~ MSM~ M£ M£ M~ St 

MN£ M~ M~ M MSM2 MNMt MSt St 3St 3St 32 3N~ 3NS 3NNl MNN~ MNN£ MNN£ .MNN2 MN2 MNM2 MNN2 MN2 M2 MN2 MNN2 ~t 

N£ N£ N£ M2 MSM2 MNM£ 3NN~ 3N2 3N~ 3NN~ 3NNS 3NN9 3NNS 3NNS N~ MNN2 MNM£ MNN2 N2 MNMt MNMt MNt N2 3NN2 3NN2 £t 
N~ 3N2 3NN£ 3NNS 3HNS 3NHS 3NN~ MNHS MHHS MNNS 3NN~ 3NN~ 3NNS 3NNS 3NN~ NO H~ H£ N£ N£ MNN£ N£ H~ N£ N£ 2t 

MN~ N2 MNN2 MNN£ MHH~ MNNS MNS MN9 MNl MNl MNN9 MNN9 MNN9 MNN9 MHH9 MHN£ MHH~ MN~ MNM~ MN~ MH~ MNM£ M£ MNM£ MN2 tt 
MN9 N2 N2 N£ MNN~ MN~ MHS MN9 MN9 MN6 MHOt MHNOt MNtt MNOt MNQ NO MHl MN9 MN9 MNMS M£ MNM£ M£ MNM~ MN~ Ot 
MN9 MN~ MN~ MN~ MNNS MNNS MNN9 MNN9 MNNL ,MNNQ MNNQ MNNQ MNQ MNQ MNQ MNO MN9 MNM9 MNMS M~ MN~ MNN~ MNNS MNNS MN~ 6 

MNNS MN~ MN~ MNN~ MNN~ MNNS MNNS MNN9 MNNL MNNQ MNNQ MNN9 MNNL MNNl MNNl NO MNNS MNN~ MNS MNS MNS MN9 MN9 MN9 MN9 9 
MNN9 MN9 MNS MNS MHNS MNN9 MNNL MNNQ MNNQ MNNQ MNNQ MNNQ MNN6 MNN6 MNN6 MN6 MNl MN9 MNN~ MNN~ MNN~ MNN~ MN2 MNt Nt L 

MNN~ Nt 3NN2 3NN2 3NN£ N£ H£ NS MNN9 MNN9 MNNL MNN9 MNN9 MNNS MN_NS MNN~ MN£ MNN~ MN9 MNS MNS MNS MN~ MNS MN~ 9 
MN9 MN~ MN~ MNNS MHNS MNNS MNN9 MNNL MNNQ MNN6 MNN6 MNNOt MNN6 MNN9 MNN6 NO MNN6 MNl MN9 MN9 MN9 MN9 MN9 MNMS MNM~ S 
MN9 MNS MN~ MNS MNNS MHN9 MNH9 MHNl MNNQ MNN6 MNN6 MN6 MH6 MH6 MNN6 MNNO MHl MNL MN9 MN~ MNM~ MN~ MN~ MN~ MN~ ~ 

MNHl MN~ MNS MNS MHNS MHNS MNNS MNN9 MNNQ MNNQ MNH6 MNN6 MNN6 MNN6 MN6 NO MNQ MNQ MNL MNL MNHL MNNQ MNNQ MNL MNl £ 
MN£ MN9 MNS MNS MN~ MN~ MN2 MN£ MN2 MN£ MN~ MN~ MNN2 MNN£ N~ N£ MNN,2 MNN2 MNN£ MN2 MNN£ MNN2 N£ MN2 MN~ 2 
MNN~ MN£ MN2 MN£ MN£ MN2 MN2 N9 3NN9 3NH9 3NN9 3NN9 3NN9 3NN9 3NN9 NO MNN~ MNN£ MN2 MN£ . MN£ MN~ MN£ MNN~ MN~ 
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MEPA · Kuwait 
June 1991 

Hourly Averages for Pressure in millibars 

Hour 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Daily 

Day Average 
1 986 985 984 983 983 984 984 984 986 NO 997 998 1001 1004 1006 1007 1007 1006 1003 999 996 994 992 990 993.9 
2 989 988 986 985 984 984 984 984 986 989 992 994 996 998 1000 1001 1000 1000 998 997 996 995 994 993 992.2 
3 992 990 989 988 987 986 9B6 988 990 NO .996 1000 1002 1005 1007 1008 1008 1007 1005 1002 999 997 995 993 996.5 

4 991 m- • ~- ~ • 991 m1~1ooo 1~1~ 1~1~1~1~1m1001 m m m m m.1 
5 991 990 988 987 987 . 987 988 989 994 998 1000 1002 1004 1006 1008 1010 1009 1007 1004 1002 999 997 996 994 997.4 
6 NO NO NO NO NO NO NO 
7 993 992 991 990 989 988 989 
8 993 992 990 989 989 988 988 
9 992 990 989 988 986 985 9B6 

10 995 993 990 988 986 986 987 
11 1008 1005 1002 1000 
12 999 997 995 993 
13 991 991 991 991 

998 997 996 
992 990 990 
990 991 991 

14 993 
15 990 
16 990 
17 989 
18 995 
19 995 
20 991 
21 994 
22 995 
23 993 
24 995 
25 993 
26 993 
27 992 
28 995 
29 991 
30 994 

993 992 992 992 992 
990 991 991 991 991 
989 989 993 990 990 
990 990 990 990 990 
993 992 991 990 990 
994 993 992 991 990 
991 991 991 991 991 
994 995 994 994 994 
994 994 994 994 994 
993 993 993 993 993 
995 995 994 994 994 
993 994 993 993 993 
994 994 993 993 993 
992 992 992 992 993 
995 995 995 995 995 
991 991 990 990 990 
993 992 990 989 989 

993 
991 
990 
990 
991 
991 
991 
995 
994 
993 
995 
994 
993 
993 
995 
990 
990 

NO NO 
990 991 
988 994 
987 991 
991 997 
997 998 
990 1009 
992 993 

ND ND NO NO NO NO NO NO NO NO ND NO NO NO NO ***** 
993 995 998 1001 1004 f006 1009 1011 1011 1008 1004 1001 999 997 995 997.7 

NO 1000 1004 1006 1008 1011 1014 1015 1014 1010 1006 1002 989 996 994 999.1 
997 1000 1004 1006 1010 1015 1018 1019 1018 1015 1011 1007 1003 1000 997 1000.6 

NO 1003 1006 1012 1018 1024 1029 1032 1034 1033 1030 1025 1020 1016 1012 1009.0 
999 1004 1009 1013 1020 1025 1026 1027 1028 1026 1018 1013 1008 1005 1001 1009.3 

NO 1014 1008 1006 1007 1008 1008_ 1008 1007 1004 1000 997 994 993 991 1000.0 
995 999 1001 1003 1005 1006 1006 1005 1003 1000 998 996 995 993 993 996.6 

993 
991 
991 
990 
992 
992 
991 
995 
994 
994 
995 
994 
993 
992 
996 
990 
991 

994 996 998 1001 1004 1005 1005 1004 1003 1001 998 996 994 993 
992 NO 998 998 m 1002 1004 1004 1005 1003 1000 997 994 993 
991 m m m m m1~ 1~1001 m m m m 991 
m ~ 1001 1~ 1~1~1-1-1~10071~ 1~ 1~ m 
995 1001 1005 1007 1010 1011 1013 1014 1013 1011 1008 1005 1002 1000 
996 1000 1005 1007 1010 1010 1007 1005 1004 1002 998 996 994 993 
997 NO 998 999 998 998 997 995 999 996 995 995 995 996 
995 994 994 . 994 994 995 996 996 996 995 995 995 995 994 
996 NO 999 998 1000 1003 1001 998 997 995 995 995 994 994 
m m m 1~ 1~ 1m 1002 1~ 1001 m m m m m 
995 NO 996 1001 1005 1006 1008 1008 1005 1001 997 995 995 994 
994 994 997 1001 NO 1002 999 997 996 995 994 994 994 994 
994 996 996 995 996 996 996 997 996 995 994 993 993 992 
993 NO 996 996 995 997 998 999 998 997 996 996 996 996 
997 999 1000 1002 1003 1004 1003 1003 1003 1001 999 996 994 992 
993 
995 

993. 1004 1009 1012 1013 1014 1014 1014 1013 1010 1006 1003 1000 
NO NO NO NO NO . NO NO NO NO NO NO NO NO 

991 
991 
990 
997 
998 
992 
995 
995 
994 
995 
994 
994 
992 
995 
992 
998 

NO 

991 996.4 
990 995.5 
989 993.9 
996 998.3 
997 1001.0 
991 997.8 
994 994.6 
995 994.7 
994 995.9 
995 996.6 
993 997.8 
993 995.0 
992 994.1 
995 994.8 
991 997.5 
996 1000.6 

NO 991.4 
Monthly Average= 997.5 

Maximum Hourly Average was 1034 at Hour 18 on Day 10 with 1 occurences 
Maximum Daily Average was 1009.3 on Day 11 with 1 occurences 
Operating Efficiency = 92.9 percent 
NO= no data, ZS =zero/span, CAL= calibration, JR =repair, RL =relocation, OF.F =off, AZS =daily zero/span, INS= insufficient data 
[CEM 1990) 
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KUWAIT 
Hourly Barometric Pressure - June, 1 9 9 1 
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KUWAIT 
Diurnal Pressure - June, 1 9 9 1 
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MEPA - Kuwait 

June 1991 
Hourly Averages for Solar Radiation in Yatts/ M2 
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0 
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5 

3 

0 

0 
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0 

0 
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3 

85 193 

78 201 

85 196 

ND 

59 

36 

59 

63 

39 
30 

112 

53 

4 
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23 

51 

47 
33 

0 
16 
38 

6 

1 
0 

0 

37 

16 

42 

NO 
153 

90 

137 

204 

121 
107 

207 

125 

26 
24 

47 

184 
194 

110 
0 

55 

142 

25 
0 

2 
11 

141 

46 
236 

313 589 ND 
293 565 666 

265 434 517 

ND ND ND 

167 248 307 

117 208 ND 

105 405 661 
327 603 ND 

135 170 521 

124 497 ND 

155 308 509 

183 351 572 
95 199 ND 

47 142 384 

112 459 ND 

211 5.16 630 

169 448 628 
148 370 ND 

0 0 6 

94 187 ND 

202 450 558 
48 145 ND 

23 60 299 

7 3 3 
61 195 ND 

216 408 433 

103 230 321 
236 575 NO 

780 : 843 852 

775 827 813 

575 554 568 

ND ND 

417 457 

714 803 
757 815 

797 840 

776 841 
662 729 

660 795 

677 788 

402 315 

258 244 

726 792 
719 781 

720 705 
421 . 441 

15. 35 
265 227 

649 657 
169 508 

365 289 

8 59 
182 101 

419 552 
788 863 

782 830 

ND 

488 

825 

830 

763 

872 
805 

781 

515 

494 

272 
799 

768 

673 
481 

58 
397 
687 

525 
NO 
41 

73 
592 

852 

813 

ND ND 

571 547 
788 688 

783 677 

748 670 

812 724 

780 .704 
752 499 

353 292 

511 423 

302 281 

756 602 
718 665 

437 379 
346 . 13 

203 307 

270 219 
701 585 
421 342 

210 113 

95 178 
149 269 

408 213 

779 668 
789 566 

558 

501 

548 

599 

592 

273 

186 

295 

168 
289 

495 

463 

0 

261 
271 
363 
200 

71 

109 

249 
322 

503 
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284 

369 
415 

425 

130 
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301 

0 

182 

146 
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Monthly Average = 

Maximum Hourly Average was 872 at Hour 13 on Day 11 with 1 occurences 
Maximum Daily Average was 269.7 on Day 3 with 1 occurences 
Operating Efficiency = 94.9 percent 
NO= no dat~, ZS =zero/span, CAL= calibration, IR =·repair, RL =relocation, OFF= off, AZS =daily zero/span, INS= insufficient data 
[CEM 1990] 
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KUWAIT 
Hourly Solar Radiation - June, 1 9 9 1 
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• KUWAIT 
Diurnal Radiai·ion - June, 1 9 9 1 
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MEPA - Kuwait 
June 1991 

Hourly Averages for Relative Humidity in Per Cent 

2 3 4 5 6 7 8 

-

9 10 11 12 

- _...._ ....._ - ........ ---

13 14 15 16 17 18 19 20 21 22 23 24 Daily 
Day . Average 

1 18.5 18.8 19.2 19.6 19.5 19.3 19.6 19.4 18.1 NO 15.6 14.5 13.5 12.9 12.0 12.0 12.6 13.1 14.1 14.8 15.2 15.6 16.4 17.3 16.16 
2 18.1 19.2 20.3 20.0 19.9 21.2 20.8 19.8 18.4 17.5 16.9 16.7 16.3 14.6 13.6 13.1 13.3 13.7 14.6 15.0 15.2 15.8 16.5 17.9 17.02 
3 18.9 19.9 20.7 21.0 21.7 21.6 20.1 18.7 17.6 NO 15.3 14.3 13.1 12.2 11.2 10.5 11.0 12.4 13.3 13.9 14.4 14.8 15.2 16.1 16.00 
4 16.7 17.3 17.8 18.2 18.1 17.5 17.1 16.2 15.5 14.9 14.0 13.0 12.4 12.3 12.1 12.2 12.4 14.1 14.6 14.6 14.7 15.3 15.6 15.9 15.10 
5 16.8 17.3 17.6 18.0 18.2 18.3 18.1 17.7 17.0 16.1 15.1 14.3 13.4 13.0 13.0 13.8 14.7 15.7 16.4 16.8 17.3 18.2 18.7 19.3 16.45 
6 NO NO NO NO NO NO NO NO NO NO NO ND ND NO NO NO NO NO NO NO NO NO NO NO ***** 
7 20.4 21.6 22.4 22.6 23.1 23.1 22.3 21.7 20.8 19.2 17.7 16.7 15.9 15.2 14.5 14.3 .14.2 14.4 15.7 17.1 18.7 19.4 20.4 21.3 .18.86 
8 21.6 22.4 23.0 24.0 25.0 24.5 22.9 22.2 20.7 NO 15.4 13.5 11.8 10.6 10.3 10.1 10.5 11.6 12.8 13.4 13.9 15.2 15.6 16.5 1o.85 
9 17.2 18.1 18.5 19.2 20.0 19.4 17.7 16.8 16.1 15.0 13.7 11.8 10.6 10.1 10.1 10.1 10.1 10.5 11.6 12.4 13.6 14.5 15.4 15.6 14.50 

10 15.8 16.2 16.3 16.5 16.6 16.3 15.6 14.9 14.3 NO 12.7 11.3 10.2 10.1 10.1 10.1 10.1 10.1 10.8 11.5 12.2 12.6 13.4 14.1 13.~2 
11 14.8 15.5 16.1 16.8 18.6 19.8 20.2 19.3 18.9 17.9 14.5 12.5 11.3 10.5 10.2 10.1 10.1 10.6 11.9 12.9 13.4 14.0 14.5 15.3 14.57 
12 16.1 17.0 17.7 18.2 18.9 18.8 19.1 18.6 17.0 NO 15.3 14.6 14.2 13.9 13.6 12.8 12.6 12.7 14.9 16.3 17.4 18.1 18.8 19.8 16.37 
13 21.2 21.2 21.2 21.8 22.6 23.3 22.0 20.4 19.7 18.4 17.0 16.1 15.1 14.7 14.4 14.9 16.4 18.9 18.3 18.2 18.0 18.2 19.0 19.3 18.76 
14 19.8 19.5 20.4 20.9 21.5 21.3 21.2 19.9 18.9 17.3 15.6 12.7 12.0 13.5 14.1 13.7 13.9 13.1 13.7 13.7 13.8 14.9 15.5 15.6 16.52 
15 15.6 15.7 15.7 16.6 16.9 17.0 17.0 17.0 16.3. NO 14.6 14.5 13.2 12.1 12.2 11.0 10.7 10.9 11.6 12.2 12.9 13.7 14.4 14.6 )4.19 
16 18.8 14.9 14.6 14.9 14.8 14.7 14.7 14.7 14.3 13.9 13.7 13.4 13.4 13.2 12.6 12.4 12.7 13.3 14.2 14.7 14.9 15.2 15.7 16.3 14.42 
17 17.8 18.5 19.1 19.2 19.0 19.1 18.9 18.7 17.1 NO 13.9 12.4 11.7 10.8 10.3 11.0 11.9 12.7 13.3 13.3 13.6 14.0 13.6 13.6 14.93 
18 13.6 13.9 14.1 14.5 14.8 14.9 14.6 14.3 14.0 13.1 12.4 12.6 12.2 11.6 10.5 10.3 10.7 11.3 11.8 13.2 12.9 12.5 12.8 13.5 12.92 
19 14.2 14.7 14.9 15.0 15.3 15.3 15.1 14.9 14.9 14.8 14.4 13.7 13.7 14.7 17.4 18.3 18.0 18.6 18.6 18.5 18.5 18.9 19.2 19.0 16.27 
20 18.9 19.0 20.0 20.1 19.4 19.3 19.2 18.9 18.1 NO 17.4 18.8 22.3 21.3 25.2 37.1 43.0 42.1 43.1 36.5 26.9 22.1 21.5 22.0 24.88 
21 21.9 21.9 22.7 33.6 36.0 30.0 25.5 22.3 23.2 23.5 22.9 23.6 29.0 31.2 27.1 22.8 22.9 23.4 23.4 23.1 21.7 21.2 24.8 25.2 25.12 
22 25.2 26.9 27.9 28.5 39.0 52.7 50.1 31.8 23.9 NO 32.3 40.7 34.0 30.3 53.1 58.7 65.5 62.9 67.3 85.8 86.2 89.2 91.6 93.3 52.04 
23 94.2 94.3 94.4 94.6 94.6 93.7 93.6 87.0 58.1 55.4 46.7 43.3 44.1 43.1 38.8 32.7 41.1 43.9 48.1 52.7 53.6 49.8 45.4 58.9 62.59 
24 59.7 56.8 60.1 64.2 53.2 42.9 36.5 34.1 27.1 NO 21.1· 19.5 23.3 13.8 22.9 33.7 29.9 47.7 50.0 37.3 27.9 25.7 26.6 23.3 36.40 
25 19.7 17.8 34.6 49.9 39.9 26.2 23.7 22.4 19.3 16.1 12.5 13.5 NO 30.1 30.5 28.4 27.8 27.2 25.5 .23.7 20.4 19.2 19.9 21.2 24.76 
26 20.3 23.4 53.6 50.6 46.7 51.5 57.4 48.3 66.2 86.1 84.3 76.4 67.8 66.6 56.8 57.2 60.8 56.9 59.0 52.3 48.1 58.2 61.2 69.9 57.48 
27 76.6 82.7 81.6 78.1 86.3. 84.6 84.5 85.0 82.6 NO 63.9 65.5 70.0 72.4 59.8 58.6 59.4. 73.5 76.4 75.5 72.6 67.7 69.1 74.9 73.97 
28 76.9 68.5 78.4 85.9 81.1 85.6 84.4 69.9 45.0 39.1 29.0 24.7 21.3 19.6 24.0 21.8 21.2 19.7 19.4 20.9 21.2 20.9 21.1 22.8 42.60 
29 23.5 22.6 21.8 22.0 20.8 20.2 20.0 19.4 17.9 16.4 ·12.8 10.1 10.1 10.1 10.1 10.1 10.1 10.1 10.1 10.1 10.2 11.3 11.6 12.9 14.76 
30 13.3 14.1 14.8 15.9 17.1 17.5 16.4 15.9 15.1 NO 12.5 10.4 10.1 10.1 10.1 10.1 10.2 10.1 10.3 10.1 10.1 1.1.1 12.4 12.9 12.63 

f-------------------------------------------------1 Monthly Average • 24.47 

Maximum Hourly Average was 94.6 at Hour 4 on Day 23 with 2 occurences 
Maximum Daily Average was 73.97 on Day 27 with 1 occurences 
Operating Efficiency = 94.9 percent 
NO= no data, ZS =zero/span, CAL= calibration, IR =repair, RL =relocation, OFF= off, AZS =daily zero/span, INS= insufficient data 
[CEH 1990] 
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MEPA - Kuwait 

June 1991 

Hourly Averages for Temperature in Degrees C 

Ll. ... ~'-· ....... 0 

Hour 2 3 4 5 6 7 8 9 10 1 1 12 13 14 15 16 17 18 19 20 21 22 23 24 . Daily 
Day Average 

1 30.1 29.6 29.1 28.9 28.6 28.9 29.9 31.5 34.2 NO 38.7 39.8 41.0 41.6 41.5 40.7 39.7 38.5 37.3 35.9 35.1 34.0 33.1 32.5 34.79 
2 32.0 31.0 30.3 30.5 30.4 29.9 31.0 31.9 33.6 35.2 36.5 37.4 38.8 40.5 40.5 40.5 39.6 38.2 36.8 36.2 35.5 34.7 33.7 32.6 34.89 
3 31.5 30.4 29.6 29.0 28.0 28.5 30.3 32.1 33.6 NO 35.8 37.2 38.4 39.5 40.0 40.1 39.2 37.4 35.9 34.8 33.9 33.0 32.3 31.1 33.98 
4 29.9 29.1 28.5 28.0 27.6 28.6 30.6 32.7 34.3 35.5 37.2 38.7 39.8 40.6 40.4 39.8 39.0 37.2 36.2 35.4 34.6 33.7 33.0 32.5 34.29 
5 31.7 30.6 30.1 29.8 29.9 30.6 31.7 33.0 35.2 37.0 38.6 40.0 41.0 41.9 42.1 41:2 39.9 38.5 37.4 36.8 36.0 35.2 34.5 34.0 35.70 
6 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
7 33.2 32.4 31.7 31.6 31.4 32.1 33.4 34.5 35.9 37.9 40.0 41.3 42.2 43.3 43.6 43.7 43.3 41.8 39.2 37.2 36.3 35.8 35.0 34.3 
8 33.8 33.1 32.5 31.9 31.1 31.2 32.4 33.3 34.5 NO 39.9 41.4 42.4 43.2 43.2 42.9 42.2 40.2 38.3 37.1 36.1 34.8 34.1 33.1 
9 32.2 31.7 31.8 30.7 29.7 30.0 32.0 33.1 35.2 37.9 39.9 41.8 43.3 44.1 44.2 43.4 42.3 40.9 39.5 38.5 37.3 36.2 35.4 34.5 

10 33.3 32.0 29.9 29.8 30.0 31.9 34.5 36.7 38.1 ND 41.4 43.6 44.9 45.4 45.7 45.4 44.9 43.4 41.3 39.6 38.6 38.3 37.3 36.5 
11 35.2 34.2 32.8 32.3 32.0 31.6 32.3 34.1 '34.6 37.6 42.0 43.7 44.2 44.8 4.4.8 44.4 43.6 42.4 40.2 38.7 37.7 36.7 35.4 34.6 
12 33.8 32.9 32.5 31.8 31.2 30.9 31.1 31.9 36.0 NO 38.3 39.7 41.0 41.9 42.5 42.3 41.7 40.4 37.0 35.3 34.4 33.8 33.1 32.1 
13 31.6 31.1 30.9 29.8 29.1 30.1 32.7 34.6 34.5 37.2 39.2 40.6 41.4 42.5 42.0 40.8 38.9 36.6 36.8 36.0 34.6 33.7 33.6 33.8 
14 33.1 32.5 30.8 31.2 30.8 31.1 32.4 34.4 35.7 39.1 41.0 43.3 43.1 41.6 41.2 41.5 41.1 38.9 36.7 36.3 35.6 33.4 33.1 32.9 
15 32.7 33.1 32.9 30.3 30.2 29.8 30.1 31.7 34.5 NO 39.2 39.3 42.9 43.9 42.7 42.9 42.4 40.2 37.9 36.3 35.7 34.8 33.8 33.4 
16 32.4 32.6 32.9 32.3 32.3 32.0 32.2 33.0 34.5 40.4 40.8 41.5 41.9 42.9 43.5 43.1 41.9 39.6 36.9 36.1 36.6 35.7 34.8. 35.3 
17 34.4 34.0 33.5 33.5 33.2 33.0 33.1 34.3 38.2 No 42.1 43.2 43.8 44.3 44.5 43.6 42.4 41.3 40.4 39.7 38.9 38.4 37.8 37.1 
18 36.6 35.8 35.4 34.3 33.5 34.8 36.2 37.8 39.3 41.5 43.9 44.9 45.8 46.4 46.9 46.4 45.3 43.6 42.3 40.5 39.9 39.2 38.8 37.8 
19 37.3 37.0 36.2 35.5 34.6 35.1 36.6 37.6 38.9 40.7 42.4 44.5 45.3 42.1 38.6 39.1 39.0 36.5 36.5 36.0 35.4 35.2 34.9 35.3 
20 35.7 36.1 34.6 34.4 34.2 33.7 34.4 35.6 38.5 NO 40.2 38.9 35.8 37.1 34.6 33.3 33.2 34.3 34.4 35.3 36.8 37.0 37.0 36.2 
21 35.4 35.4 34.8 32.9 32.6 33.9 34.6 34.8 34.2 33.7 33.9 34.2 34.1 35.2 36.8 37.7 36.8 36.1 36.4 36.5 36.9 37.1 36.7 37.0 
22 36.6 34.7 33.0 32.6 31.3 30.1 30.9 34.3 36.4 NO 36.7 36.0 39.4 40.5 34.8 33.8 32.7 32.9 31.6 29.0 29.1 28.5 27.8 27.3 
23 27.1 27.3 27.1 26.6 26.0 26.4 27.7 31.2 35.7 36.1 37.6 37.7 37.3 37.0 37.0 39.0 36.3 34.9 33.3 32.6 32.8 33.4 33.2 31.6 
24 31.1 31.2 30.7 30.4 30.4 30.8 31.6 32.3 35.4 NO 37.9 43.5 42.9 47.2 43.2 40.1 40.1 33.3 32.7 33.6 34.1 34.8 34.9 35.3 
25 35.3 35.7 33.3 31.5 32.2 34.5 35.3 34.6 34.8 38.4 42.6 41.5 NO 37.2 35.7 35.4 35.1 35.6 36.3 36.6 37.8 37.4 36.3 36.2 
26 36.6 35.3 30.5 30.6 31.0 30.9 30.4 30.6 29.3 28.9 29.1 30.1 30.8 31.1 32.2 32.3 31.6 31.9 31.4 31.9 31.9 30.9 30.2 29.6 
27 29.5 29.1 29.2 29.3 28.4 28.6 28.6 29.2 30.8 NO 32.9 32.4 31.3 31.5 33.1 33.5 32.8 31.5 31.0 30.4 30.6 30.3 29.5 28.7 
28 29.0 29.1 27.7 28.0. 28.4 28.0 29.6 32.3 35.3 36.7 37.5 40.4 42.2 42.5 39.8 40.9 40.3 40.1 38.1 35.3 34.7 34.8 34.3 33.1 
29 31.9 31.7 31.1 30.2 30.3 30.4 30.2 32.0 34.5 37.2 42.9 44.7 45.6 45.9 46.1 46.0 45.2 43.8 42.0 40.7 39.3 37.8· 37.1 36.1 
30 35.9 34.8 34.1 33.1 32.7 32.8 34.4 36.4 37.8 NO 41.8 43.6 44.5 45.8 45.8 45.4 44.8 43.3 41.6 40.6 39.9 39.0 37.9 36.9 

1-------------------------------------------------i Monthly Average = 

Maximum Hourly Average was 47.2 at Hour 14 on Day 24 with 1 occurences 
Maximum Daily Average was 40.29 on Day 18 with 1 occurcnces 
Operating Efficiency = 94.9 percent 
·NO= no data, ZS =zero/span, CAL= calibration, IR =·repair, Rl =relocation, o:F =off, AZS =daily zero/span, INS= insufficient data 

[CEM 1990] 
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MEPA'- Kuwait 
June 1991 

Hourly Averages for Total Particulate in MG/M3 

Hour 2 3 4 5 6 7 8 9 

Day 
1 0.014 0.023 0.043 0.049 0.024 0.024 0.051 0.033 0.032 

10 11 12 13 14 15 16 17 18 . 19 20 21 22 23 24 Daily 
Average 

NO 0.016 0.014 0.015 0.015 0.016 0.016 0.016 0.015 0.016 0.017 0.020 0.018 0.017 0.016 0.0226 
2 0.019 0.029 0.052 0.105 0.106 0.092 0.089 0.074 0.045 0.027 0.020 0.023 0.024 0.023 0.024 0.023 0.020 0.018 0.021 0.019 0.017 0.017 0.018 0.021 0.0386 
3 0.023 0.026 0.028 0.026 0.023 0.023 0.024 0.021 0.022 NO 0.024 0.022 0.020 0.020 0.020 0.019 0.018 0.028 0.034 0.045 0.033 0.031 0.029 0.024 0.0253 
4 0.019 0.016 0.016 0.015 0.014 0.014 0.019 0.022 0.024 0.022 0.019 0.019 0.026 0.030 0.041 0.039 0.029 0.033 0.058 0.055 0.045 0.041 0.043 0.033 0.0288 
5 0.027 0.016 0.011 0.011 0.011 0.013 0.014 0.014 0.019 0.031 0.040 0.055 0.041 0.031 0.037 0.041 0.048 0.032 0.023 0.024 0.027 0.027 0.025 0.024 0.0267 
6 ND ND NO NO ND NO NO NO NO ND NO NO NO NO NO NO NO NO NO NO NO NO NO NO ****• 
7 0.022 0.019 0.019 0.019 0.819 0.019 0.026 0.030 0.034 0.036 0.028 0.022 0.022 0.021 0.021 0.021 0.021 0.022 0.024 0.027 0.024 0.024 0.024 0.024 0.0237 
8 0.024 0.025 0.035 0.037 0.047 0.072 0.064 0.060 0.033 NO 0.018 0.017 0.016 0.015 0.016 0.016 0.022 0.021 0.022 0.021 0.021,0.021 0.020 0.016 0.0287 
9 0.015 0.015 0.047 0.100 0.049 0.016 0.013 0.013 0.013 0.014 0.014 0.014 0.015 0.017 0.019 0.024 0.029 0.027 0.027 0.030 0.033 0.036 0.032 0.022 0.0264 

10 o.016 o.o15 o.014 0.613 o.o13 o.013 o.014 o,o14 o.014 NO NO 0.018 0.020 0.023 0.021 0.023 0.019 0.018 0.018 0.017 0.017 0.036 0.085 0.048 0.0222 
11 0.053 0.059 0.050 0.022 0.025 0.057 0.057 0.051 0.020 0.020 0.017 0.015 0.014 0.015·0.016 0.017 0.018 0.017 0.018 0.019 0.021 0.026 0.040 0.053 0.0300 
12 0.038 0.035 0.031 0.032 0.039 0.030 0.028 0.022 0.023 NO 0.017 0.018 0.016 0.016 0.015 0.014 0.014 0.014 0.020 0;016 0.015 0.015 0.017 0.017 0.0218 
13 0.018 0.020 0.019 0.020 0.032 0.028 0.023 0.020 0.036 0.027 0.017 0.019 0.021 0.023 0.025 0.015 0.016 0.015 0.015 0.029 0.038 0.034 0.024 0.013 0.0228 
14 0.014 0.014 0.031 0.045 0.023 0.025 0.030 0.030 0.030 0.031 0.024 0.016 0.013 0.014 0.014 0.014 0.013 0.013 0.017 0.014 0.014 0.024 0.027 0.023 0.0214 
15 0.025 0.020 0.021 0.027 0.028 0.031 0.030 0.033 0.022 NO 0.014 0.016 0.026 0.019 0.019 0.015 0.016 0.015 0.015 0.014 0.015 0.015 0.017 0.198 0.0283 
16 0.141 0.040 0.047 0.030 0.042 0.060 0.077 0.091 0.086 0.042 0.037 0.034 0.028 0.017 0.015 0.016 0.017 0.017 0.019 0.020 0.022 0.021 0.024 0.024 0.0403 
17 0.028 0.025 0.030 0.023 0.015 0.023 0.023 0.020 0.025 NO 0.024 0.023 0.021 0.022 0.027 0.043 0.059 0.072 0.061 0.052 0.046 0.042 0.044 0.025 0.0336 
18 0.017 0.016 0.017 0.017 0.017 0.017 0.018 0.017 0.021 0.027 0.027 0.022 0.019 0.020 0.019 0.021 0.026 0.035 0.040 0.036 0.025 0.020 0.021 0.024 0.0225 
19 0.021 0.019 0.018 0.016 0.015 0.014 0.015 0.015 0.016 0.017 0.017 0.017 0.018 0.025 0.017 0.017 0.016 0.016 0.017 0.019 0.175 0.262 0.210 0.206 0.0499 
20 0.135 0.049 0.032 0.027 0.025 0.020 0.016 0.016 0.025 NO 0.023 0.022 0.023 0.025 0.025 0.024 0.024 0.024 0.024 0.024 0.023 0.026 0.149 0.040 0.0357 
21 0.043 0.061 0.111 0.040 0.031 0.093 0.096 0.050 0.103 0.084 0.043 0.047 0.049 0.031 0.024 0.026 0.024 0.023 0.023 0.021 0.020 0.021 0.020 0.076 0.0483 
22 0.211 0.057 0.028 0.039 0.078 0.050 0.058 0.064 0.031 NO 0.026 0.024 0.023 0.022 0.021 0.021 0.021 0.022 0.022 0.022 0.022 0.022 0.020 0.019 0.0401 
23 0.018 0.018 0.019 0.020 0.021 0.021 0.023 0.025 0.024 0.024 0.023 0.025 0.026 0.026 0.027 0.028 0.030 0.029 0.030 0.031 0.032 0.132 0.130 0.074 0.0357 
24 0.120 0.146 0.127 0.070 0.170 0.182 0.180 0.204 0.186 NO 0.101 0.105 0.076 0.042 0.042 0.043 0.045 0.026 0.027 0.025 0.028 0.131 0.377 0.214 0.1160 
25 0.080 0.060 0.082 0.030 0.051 0.228 0.196 0.015 0.088 0.033 0.019 0.042 NO 0.035 0.030 0.026 0.026 0.026 0.025 0.025 0.024 0.033 0.072 0.175 0.0618 
26 0.166 0.231 0.026 0.028 0.042 0.039 0.027 0.027 0.027 0.014 0.019 0.018 0.021 0.024 0.023 0.025 0.025 0.024 0.025 0.025 0.025 0.025 0.027 0.028 0.0400 
27 0.029 0.031 0.034 0.034 0.034 0.032 0.030 0.026 0.024 NO 0.023 0.022 0.023 0.024 0.026 0.027 0.029 0.028 0.030 0.032 0.033 0.036 0.040 0.039 0.0298 
28 0.037 0.034 0.037 0.034 0.035 0.035 0.035 0.035 0.035 0.038 0.035 0.028 0.025 0.026 0.030 0.026 0.026 0.023 0.023 0.025 0.026 0.024 0.046 0.085 0.0335 
29 0.025 0.024 0.044 0.040 0.025 0.023 0.049 0.028 0.021 0.020 0.016 0.014 0.014 0.014 0.015 0.016 0.016 0.016 0.018 0.017 0.019 0.017 0.016 0.015 0.0217 
30 0.013 0.013 0.013 0.013 0.013 0.013 0.014 0.014 0.015 NO 0.016 0.015 0.017 0.028 0.033 0.027 0.020 0.025 0.033 0.034 0.032 0.031 0.031 0.026 0.0213 

Monthly Average ~ 0.03~~ 

Maximum Hourly Average was 0.377 at Hour 23 on Day 2~ with 1 occurences 
Maximum Daily Average was 0.1160 on Day 2~ with 1 occurences 
Operating Efficiency ~ 94.7 percent 
~D ~no data, zs ~zero/span, CAL~ calibration, IR ~repair, RL ~relocation, OF-F~ off, AZS ~daily zero/span, INS= insufficient data 
[CEM 1990] 
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MEPA : Kuwait 

June 1991 

Hourly Averages for NH3 in ppm 

!lour 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Oai ly 
Day Average 

1 0.004 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 CAL 0.002 0.002 0.004 0.006 0.004 0.005 0.005 0.006 0.007 0.009 0.016 0.016 0.028 0.016 0.0057 
2 0.004 0.014 0.004 0.002 0.000 0.006 0.000 0.003 0.006 0.003 0.004 0.004 0.005 0.005 0.003 0.009 0.015 0.018 0.030 0.025 0.011 0.020 0.021 0.008 0.0092 
3 0.001 0.000 0.004 0.004 0.002 0.001 0.002 0.004 0.003 CAL 0.011 0.005 0.006 0.005 0.004 0.004 0.006 0.009 0.007 0.005 0.005 0.006 0.007 0.007 0.0047 
4 0.010 0.012 0.018 0.014 0.005 0.003 0.008 0.007 0.009 0.005 0.004 0.005 0.005 0.004 0.003 0.005 0.006 0.006 0.006 0.005 0.005 0.004 0.014 0.015 0.0074 
5 0.016 0.000 0.005 0.004 0.005 0.007 0.005 0.006 0.008 0.003 0.003 0.006 0.008 0.016 0.007 0.008 0.003 0.004 0.002 0.002 0.001 0.000 0.002 0.006 0.0053 
6 ND ND NO NO NO ND NO ND NO NO ND ND NO ND NO ND ND ND ND NO ND ND ND ND ••••• 
7 0.005 0.003 0.003 0.002 0.003 0.004 0.004 0.003 0.004 0.003 0.003 0.007 0.008 0.010 0.005 0.005 0.005 0.002 0.001 0.004 0.007 0.008 0.013 0.008 0.0050 
8 0.006 0.002 0.002 0.001 0.001 0.000 0.000 0.000 0.000 CAL 0.003 0.004 0.005 0.007 0.007 0.006 0.007 0.009 0.004 0.002 0.001 0.000 0.022 0.000 0.0039 
9 0.002 0.005 0.001 0.000 0.000 0.000 0.000 0.001 0.000 0.002 0.002 0.002 0.002 0.003 0.004 0.009 0.009 0.011 0.007 0.002 0.003 0.004 0.007 0.005 0.0034 

10 0.005 0.003 0.003 0.004 0.002 0.002 0.002 0.004 0.004 CAL CAL 0.004 0.006 0.007 0.010 0.015 0.015 0.000 0.015 0.025 0.023 0.015 0.007 0.004 0.0080 
11 0.005 0.007 0.009 0.004 0.004 0.000 0.000 0.000 0.000 0.000 0.003 0.003 0.006 0.008 0.009 0.013 0.013 0.015 0.016 0.016 0.013 0.008 0.006 0.002 0.0067 
12 0.002 0.005 0.005 0.004 0.001 0.001 0.000 0.000 0.002 CAL 0.002 0.004 0.003 0.001 0.005 0.005 0.006 0.002 0.000 0.003 0.004 0.003 0.005 0.006 0.0030 
13 0.003 0.005 0.001 0.003 0.004 0.000 0.000 0.002 0.001 0.000 0.001 0.001 o.ooo 0.000 0.000 0.000 0.000 0.001 0.005 0.008 0.005 0.000 0.000 0.003 0.0018 
14 0.001 0.002 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.002 0.001 0.002 0.001 0.003 0.005 0.009 0.009 0.005 0.003 0.002 0.001 0.0021 
15 0.001 0.001 0.000 0.003 0.001 0.002 0.002 0.000 0.001 CAL 0.005 0.007 0.005 0.005 0.004 0.001 0.004 0.017 0.037 0.058 0.039 0.023 0.021 0.000 0.0103 
16 0.006 0.002 0.012 0.019 0.002 0.000 0.000 o.ooo 0.000 0.000 0.000 0.002 0.002 0.008 0.012 0.009 0.023 0.037 0.051 0.046 0.030 0.032 0.030 0.022 0.0144 
17 0.009 0.009 0.010 0.016 0.014 0.014 0.019 0.012 0.016 CAL 0.019 0.023 0.005 0.006 0.007 0.005 0.008 0.012 0.011 0.012 0.013 0.005 0.004 0.006 0.01111, 
18 0.014 0.005 0.005 0.009 0.005 0.011 0.012 0.012 0.018 0.012 0.016 0.017 0.012 0.004 0.004 0.006 0.019 0.022 0,031 0.026 0.006 0.007 0.003 0.013 0.0120~ 

19 0.005 0.001 0.001 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000.0.006 0.008 0.008 0.026 0.018 0.018 0.016 0.014 0.020 0.004 0.000 0.000 0.000 0.0061 
20 0.000 0.000 0.006 0.007 0.000 0.001 0.009 0.008 0.019 CAL 0.016 0.008 0.008 0.007 0.010 0.015 0.006 0.004 0.010 0.011 0.019 0.023 0.012 0.016 0.0093 
21 0.014 0.050 0.015 0.010 0.013 0.004 0.001 0.006 0.008 0.010 0.012 0.017 0.026 0.021 0.016 0.021 0.015 0.017 0.027 0.017 0.019 0.038 0.022 0.012 0.0171 
22 0.002 0.020 0.025 0.015 0.010 0.011 0.010 0.014 0.034 CAL 0.021 0.012 0.013 0.019 0.025 0.018 0.026 0.019 0.029 0.041 0.049 0.061 0.068 0.075 0.0268 
23 0.077 0.078 0.085 0.086 0.086 0.076 0.079 0.078 0.079 0.080 0.082 0.092 0.082 0.086 0.088 0.090 0.080 0.073 0.055 0.052 0.056 0.048 0.044 0.058 0.0746 
24 0.058 0.048 0.050 0.053 0.043 0.033 0.012 0.013 0.005 CAL 0.009 0.027 0.028 0.023 0.02? 0.049 0.004 0.037 0.036 0.030 0.028 0.030 0.018 0.026 0.0300 
25 0.020 0.019 0.021 0.022 0.021 0.009 0.009 0.009 0.013 0.020 0.021 0.026 CAL 0.010 0.014 0.012 0.026 0.021 0.007 0.006 0.006 0.005 0.002 0.000 0.0139 
26 0.000 0.000 0.007 0.010 0.012 0.016 0.016 0.018 0.020 0.017 0.013 0.012 0.014 0.017 0.028 0.032 0.027 0.030 0.027 0.028 0.028 0.027 0.033 0.033 0.0194 
27 0.037 0.040 0.034 0.034 0.039 0.035 0.033 0.031 CAL CAL 0.025 0.087 0.108 0.110 0.106 0.133 0.103 0.092 0.090 0.090 0.081 0.074 0.069 0.077 0.0695 
28 0.088 0.068 0.085 0.078 0.082 0.070 0.072 0.059 0.058 0.057 0.034 0.030 0.028 0.025 0.023 0.022 0.015 0.011 0.016 0.017 0.017 0.008 0.007 0.018 0.0412 
29 0.007 0.007 0.006 0.003 0.004 0.005 0.011 0.009 0.007 0.010 0.010 0.007 0.010 0.010 0.010 0.012 0.010 0.009 0.007 0.006 0.080 0.006·0.005 0.005 0.0107 
30 0.006 0.003 0.004 0.005 0.004 0.003 0.003 0.004 0.007 CAL 0.000 0.000 0.000 0.008 0.009 0.005 0.008 0.007 0.007 0.008 0.007 0.005 0.005 0.005 0.0049 

Maximum Hourly Average was 0.133 at Hour 16 on Day 27 with 1 occurences 
Maximum Daily Average was 0.0746 on Day 23 with 1 occurences 
Operating Efficiency = 96.7 percent 

Monthly Average = 0.0150 

NO= no data, ZS =zero/span, CAL= calibration, IR =·repair, RL =relocation, OFF= off, AZS =daily zero/span, INS= insufficient data 
[CEM 1990] 
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Hour 2 

MEPA - Kuwait 
June 199i 

Hourly Averages for 03 in ppm 

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Daily 
Day Av~rage 

1 0.014 0.019 0.016 0.012 0.021 0.021 0.005 0.009 0.018 CAL 0.025 0.030 0.023 0.022 0.023 0.020 0.012 0.008 0.000 0.000 0.000 0.000 0.000 0.001 0.0130 
2 0.009 0.000 0.004 0.009 0.011 0.002 0.005 0.001 0.004 0.010 0.013 0.007 0.008 0.017 0.018 0.005 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.012 0.0057 
3 0.023 0.022 0.029 0.031 0.031 0.025 0.021 0.021 0.029 CAL 0.057 0.037 0.040 0.039 0.040 0.036 0.039 0.037 0.035 0.031 0.032 0.011 0.014 0.016 0.0303 
4 0.006 0.006 0.002 0.008 0.025 0.024 0.013 0.015 0.019 0.022 0.028 0.029 0.023 0.024 0.030 0.032 0.031 0.032 0.028 0.029 0.027 0.017 0.001 0.000 0.0196 
5 0.000 0.011 0.015 0.016 0.009 0.010 0.011 0.006 0.002 0.015 0.020 0.019 0.020 0.019 0.021 0.021 0.020 0.014 0.001 0.000 0.000 0.000 0.000 0.000 0.0104 
6 ~D NO NO NO ND ND NO NO NO NO NO· NO Nb NO NO NO NO NO NO NO NO NO NO NO ***** 
7 0.002 0.002 0.003 0.009 0.012 0.012 0.014 0.012 0.012 0.021 0.029 0.031 0.033 0.033 0.034 0.032 0.027 0.023 0.022 0.021 0.017 0.007 0.000 0.000 0.0170 
8 0.002 0.003 0.003 0.004 0.001 0.003 0.003 0.012 0.015 CAL 0.029 0.034 0.034 0.034 0.034 0.031 0.024 0.028 0.024 0.024 0.022 0.015 0.003 0.018 0.0174 
9 0.021 0.036 0.037 0.023 0.015 0.027 0.033 0.033 0.031 0.027 0.031 0.031 0.034 0.040 0.038 0.039 0.035 0.030 0.026 0.024 0.027 0.019 0.001 0.004 0.0276 

10 0.012 0.026 0.023 0.022 0.027 0.029 0.017 0.016 0.019 CAL CAL 0.027 0.032 0.035 0.032 0.029 0.026 0.019 0.006 0.003 0.003 0.003 0.002 0.008 0.0189 
11 0.003 0.006 0.006 0.007 0.003 0.007 0.015 0.006 0.012 0.018 0.033 0.036 0.035 0.034 0.034 0.025 0.020 0.015 0.007 0.006 0.007 0.007 0.002 0.005 0.0145 
12 0.015 0.020 0.026 0.027 0.023 0.026 0.021 0.018 0.017 CAL 0.024 0.026 0.029 0.032 0.036 0.036 0.037 0.034 0.007 0.004 0.006 0.002 0.000 0.002 0.0203 
13 0.004 0.012 0.012 0.009 0.011 0.010 0.012 0.018 0.024 0.034 0.039 0.038 0.037 0.036 0.036 0.030 0.023 0.014 0.000 0.008 0.017 0.018 0.001 0.010 0.0189 
14 0.018 0.023 0.015 0.018 0.025 0.022 0.022 0.027 0.030 0.040 0.044 0.036 0.037 0.033 0.032 0.020 0.016 0.001 0.003 0.011 0.015 0.018 0.016 0.021 0.0226 
15 0.021 0.024 0.019 0.020 0.019 0.016 0.018 0.015 0.019 CAL 0.015 0.004 0.019 0.036 0.039 0.031 0.010 0.000 0.000 0.000 0.000 0.000 0.001 0.016 0.0149 
16 0.015 0.020 0.021 0.022 0.022 0.014 0.005 0.000 0.000 0.015 0.011 0.008 0.015 0.028 0.030 0.023 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.004 0.0106 
17 0.022 0.029 0.031 0.035 0.037 0.035 0.033 0.027 0.035 CAL 0.042 0.044 0.044 0.044 0.044 0.042 0.040 0.037 0.037 0.037 0.037 0.038 0.038 0.039 0.0368 
18 0.039 0.036 0.036 0.028 0.029 0.039 0.041 0.040 0.041 0.043 0.045 0.045 0.046 0.047 0.049 0.050 0.049 0.043 0.038 0.029 0.030 0.035 0.035 0.032 0.0394 
19 0.03~ 0.030 0.033 0.033 0.034 0.031 0.029 0.027 0.033 0.028 0.029 0.041 0.035 0.034 0.034 0.029 0.031 0.022 0.004 o.ooo 0.015 0.010 0.010 0.011 0.0256 
20 0.008 0.013 0.015 0.021 0:026 0.024 0.023 0.023 0.015 CAL 0.033 0.031 0.028 0.030 0.021 0.006 0.003 0.000 0.000 0.000 0.012 0.023 0.019 0.022 0.0172 
21 0.023 0.017 0.008 0.001 0.000 0.001 0.000 0.007 0.017 O.Of8 0.016 0.000 0.000 0.000 0.010 0.018 0.016 0.010 0.007 0.012 0.022 0.021 0.009 0.009 0.0101 
22 0.009 0.008 0.011 0.009 0.001 0.000 0.000 0.005 0.014 CAL 0.023 0.000 0.003 0.006 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.0039 
23 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.002 0.005 0.008 0.003 0.001 0.001 o,ooo 0.001 0.005 0.002 0.000 0.0013 
24 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.002 CAL 0.005 0.001 0.016 0.046 0.026 0.007 0.003 0.007 0.001 0.007 0.010 0.013 0.007 0.008 0.0070 
25 0.010 0.010 0.002 0.004 0.008 0.003 0.004 0.007 0.007 0.013 0.022 0.014 CAL 0.012 0.012 0.017 0.015 0.023 0.026 0.027 0.029 0.025 0.025 0.023 0.0147 
26 0.024 0.009 0.002 0.005 0.003 0.000 0.002 0.000 0.002 0.007 0.016 0.012 0.012 0.011 0.014 0.017 0.018 0.017 0.018 0.011 0.004 0.009 0.005 0.000 0.0091 
27 0.004 0.007 0.002 0.002 0.007 0.007 0.006 0.003 CAL CAL 0.008 0.007 0.006 0.007 0.013 0.015 0.014 0.011 0.008 0.000 0.002 0.001 0.000 0.000 0.0059 
28 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.009 0.018 0.028 0.024 0.028 0.028 0.029 0.027 0.031 0.019 0.010 0.000 0.000 0.000 0.006 0.000 0.000 0.0107 
29 0.004 0.011 0.009 0.007 0.010 0.012 0.013 0.016 0.019 0.01~ 0.033 0.042 0.042 0.042 0.041 0.042 0.041 0,037 0.030 0.027 0.022 0.017 0.021 0.026 0.0240 
30 0.033 0.033 0.033 0.034 0.032 0.030 0.030 0.036 0.037 CAL 0.077.0.047 0.049 0.051 0.051 0.050 0.047 0.039 0.032 0.032 0.038 0.038 0.037 0.031 0.0399 

Monthly Average = 0.0175 

Maximum Hourly Average was 0.077 at Hour 11 on Day 30 with 1 occurences and there were no Hourly Violations 
Maximum Daily Average was 0.0399 on Day 30 with 1 occurences and there were no Daily Violations 
Operating Efficiency = 96.7 percent 
NO= no data, ZS =zero/span, CAL= calibration, JR =repair, Rl =relocation, O.FF =off, AZS =daily zero/span, INS= insufficient data 
[CEH 1990] 
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June 1991 
Hourly Averages for NOx in ppm 

Hour 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 .17 18 19 20 21 22 23 24 Daily 

Day Average 
1 0.071.0.031 0.039 0.055 0.025 0.029 0.099 0.072 0.043 CAL 0.049 0.038 0.044 0.041 0,035 0.036 0.060 0.054 0.086 0.087 0.150 0.109 0.181 0.101 0.0667 
2 o.o37 o.142 o.079 o.o51 o:o6o 0.117 o.o59 o.o9o o.o79 o.o56 o.053 o.081 o.076 o.063 o.044 o.o91 0.134 o.136 0.217 o.170 o.o8o 0.147 0.161 o.o74 o.0957 
3 0.029 0.026 0.005 0.003 0.005 0.024 0.047 0.056 0.044 CAL 0.080 0.027 0.018 0.017 0.015 0.022 0.014 0.012 0.014 0.018 0.018 0.090 0.073 0.061 0.0312 
4 0.113 0.123 0.154 0.115 0.033 0.033 0.079 0.077 0.058 0.039 0.032 0.031 0.045 0.041 0.021 0.015 0.018 0.013 0.014 0.013 0.018 0.051 0.165 0.193 0.0623 
5 0.182 0.085 0.058 0.052 0.081 0.082 0.076 0.071 0.077 0.046 0.025 0.020 0.012 0.007 0.007 0.008 0.013 0.017 0.018 0.018 0.026 0.059 0.127 0.137 0.0543 
6 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO .NO NO NO NO NO ***** 
7 0.107 0.079 0.078 0.075 0.103 0.084 0.085 0.060 0.084 0.019 0.010 0.008 0.006 0.011 0.007 0.008 0.008 0.018 0.069 0.094 0.128 0.014 0.132 0.071 0.0566 
8 0.030 0.038 0.045 0.008 0.006 0.012 0.022 0.032 0.030 CAL 0.025 0.013 0.016 0.017 0.015 0.018 0.030 0.017 0.019 0.021 0.024 0.045 0.127 0.047 0.0286 
9 0.038 0.006 0.007 0.028 0.063 0.020 0.011 0.019 0.027 0.050 0.038 0.036 0.029 0.011 0.013 0.005 0.008 0.009 0.013 0.018 0.019 0.039 0.114 0.098 0.0300 

10 0.067 0.011 0.008 0.014 0.009 0.013 0.066 0.076 0.062 CAL CAL 0.039 0.022 0.014 0.016 0.015 0.019 0.030 0.075 0.072 0.060 0.039 0.043 0.031 0.0364 
11 0.058 0.033 0.027 0.033 0.087 0.063 0.027 0.078 0.039 0.037 0.015 0.008 0.010 0.011 0.007 0.022 0.029 0.035 0:059 0.039 0.036 0.033 0.039 0.030 0.0356 
12 0.017 0.010 0.005 0.005 0.007 0.008 0.017 0.033 0.075 CA~ 0.053 0.041 0.037 0.032 0.020 0.009 0.006 0.010 0.060 0.065 0.062 0.072 0,087 0.078 0.0352 
13 0.073 0.041 0.040 0.039 0.024 0.036 0.052 0.049 0.032 0.029 0.026 0.023 0.024 0.021 0.019 0.023 0.033 0.042 0.088 0.050 0.021 0.019 0.084 0.045 0.0389 
14 0.027 0.017 0.017 0.017 0.010 0.016 0.017 0.019 0.022 0.023 0.016 0.022 0.014 0.015 0.015 0.036 0.043 0.075 0.083 0.070 0.038 0.012 0.012 0.009 0.0269 
15 0.008 0.008 0.016 0.004 0.004 0.009 0.009 0.031 0.032 CAL 0.050 0.076 0.046 0.025 0.021 0.024 0.045 0.144 0.234 0.135 0.000 0.069 0.108 0.029 0.0490 
16 0.014 0.004 0.006 0.000 0.003 0.016 0.032 0.059 0.096 0.053 0.057 0.076 0.054 0.020 0.013 0.026 0.123 0.255 0.250 0.200 0.121 0.146 0.099 0.051 0.0739 
17 0.010 0.005 0.005 0.003 0.002 0.004 0.007 0.017 0.015 CAL 0.007 0.005 0.004 0.004 0.004 0.006 0,009 0.013 0.013 0.012 0.012 0.012 0.009 0.008 0.0081 
18 0.005 0.007 0.005 0.013 0.012 0,005 0.006 0.008 0.008 0.007 0.008 0.007 0.007 0.006 0.003 0.003 0.008 0.014 0.016 0.024 0.023 0.021 0.019 0.018 0.0105 
19 0.014 0.014 0.010 0.008 0.006 0.013 0.022 0.028 0.018 0.029 0.026 0.011 0.022 0.016 0.011 0.017 0.018 0.038 0.077 0.099 0.024 0.027 0.016 0.015 0.0241 
20 0.024 0.024 0.018 0.028 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ND 
21 ND NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO' NO NO NO 
22 NO NO NO ~0 NO NO NO , NO No NO NO NO NO NO NO NO NO NO NO NO NO ND ND NO 
23 ND NO NO NO NO NO NO ND NO NO NO NO NO . NO NO NO NO NO NO NO NO NO NO NO 
24 NO NO NO NO NO NO NO NO NO NO NO NO NO llD NO NO NO NO NO NO NO NO NO ND 
25 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO No· NO NO NO NO NO NO 
26 NO NO NO NO NO NO ND NO NO NO NO 0.033 0.038 0.039 0.029 0.026 0.026 0.038 0.043 0.057 0.063 0.045 0.060 0.081 
27 0.049 0.030 0.036 0.036 0.016 0.013 0.013 0.024 CAL CAL 0.019 0.019 0,023 0.020 0.015 0.015 0.023 0.028 0.040 0.066 0.049 0.059 0.089 0.201 
28 0.235 0.126 0.252 0.244 0.245 0.133 0.170 0.039' 0.032 0.027 0.016 0.030 0.026 0.014 0.009 0.003 0.000 0.007 0.140 0.131 0.121 0.044 0.061 0.046 

0.0235 
••••• 
••••• 
***** 
••••• 
***** 

0.0445 
0.0401 
0.0896 

29 0.025 0.010 0.007 0.006 0.006 0.012 0.013 0.021 0.042 0.060 0.036 0.012 0.006 0.007 0.006 0.005 0.007 0.012 0.019 0.023 0.028 0.030 0.020 0.011 0.'0177 
30 0.005 0.004 0.004 0.004 0.006 0.009 0.013 0.011 0.012 CAL 0.058 0.008 0.006 0.006 0.005 0.006 0.007 0.014 0.020 0.019 0.017 0.018 0.015 0.017 0.0123 

Monthly Average = 0.0421 

Maximum Hourly Average was 0.255 at Hour 18 on Day 16 with 1 occurences and there were no Hourly Violations 
Maximum Daily Average was 0.0957 on Day 2 with· 1 occurences and there were no Daily Violations 
Operating Efficiency = 75.7 percent 
NO= no data, ZS =zero/span, CAL= calibration, IR =repair, RL =relocation, OFF:: off, AZS =daily zero/span, INS =·insufficient data 
[CEM 19901 
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MEPA - Kuwait 
June 1991 

Hourly Averages for N02 in ppm 

Hour 1 2 3 4 5 6 7 B 9 10 11 12 13 14 . 15 16 17 18 19 20 21 22 23 24 Daily. 

Average 
CAL 0.031 0.026 0.027 0.026 0.023 0.024 0.038 0.042 0.054 0.059 0.064 0.057 0.052 0.043 0.0359 

Oay r-------------------------------------------------------------------------------------------------------------
1 0.030 0.018 0.023.0.029 0.017 0.020 0.048 0.042 0.032 
2 0.026 0.041 0.033 0.028 0.023 0.039 0.036 0.049 0.050 0.042 0.041 0.055 0.055 0.049 0.034 0.058 0.064 0.062 0.062 0.059 0.047 0.047 0.051 0.038 0.0454 
3 0.019 0.016 0.004 0.001 0.003 0.015 0.028 0.034 0.028 CAL 0.028 0.020 0.013 0.013 0.013 0.016 0.011 0.011 0.015 0.018 0.017 0.052 0.045 0.037 0.0199 
4 0.055 0.057 0.064 0.051 0.021 0.020 0.042 0.041 0.035 0.023 0.019 0.020 0.028 0.025 0.015 0.013 0.016 0.013 0.015 0.013 0.018 0.033 0.064 0.068 0.0320 
5 0.065 0.042 0.031 0.028 0.038 0.038 0.036 0.027 0.035 0.014 0.009 0.007 0.005 0.008 0.005 0.006 0.008 0.016 0.040 0.047 0.050 0.052 0.051 0.047 0.0294 
6 ND NO NO NO NO NO NO NO NO NO NO NO NO ·ND NO NO NO NO NO NO NO NO NO NO ***** 
7 0.028 0.027 0.020 0.007 0.005 0.021 0.018 0.035 0.038 0.026 0.016 0.014 0.009 0.006 0.007 0.008 0.011 0.015 0.018 0.017 0.022 0.032 0.046 0.047 0.0205 
8 0.041 0.033 0.032 0.031 0.036 0.033 0.033 0.026 0.023 CAL 0.018 0.011 0.011 0.013 0.013 0.014 0.023 0.018 0.020 0.022 0.025 0.034 0.056 0.030 0.0259 
9 0.026 0.005 0.007 0.018 0.031 0.014 0.011 0.017 0.021 0.032 0.026 0.026 0.021 0.010 0.010 0.008 0.011 0.013 0.014 0.020 0.019 0.030 0.057 0.050 0.0207 

10 0.039 0.011 0.008 0.014 0.009 0.011 0.036 0.042 0.036 CAL CAL 0.026 0.017 0.013 0.014 0.015 0.020 0.028 0.051 0.049 0.041 0.040 0.041 0.032 0.0270 
11 0.039 0.030 0.025 0.024 0.042 0.036 0.022 0.044 0.034 0.031 0.014 0.007 0.009 0.010 0.009 0.018 0.022 0.028 0.041 0.032 0.031 0.031 0.039 0.029 0.0270 
12 0.016 0.009 0.005 0.005 0.007 0.007 0.016 0.028 0.046 CAL 0.034 0.029 0.027 0.026 0.016 0.008 0.006 0.009 0.048 0.054 0.052 0.060 0.066 0.054 0.0273 
13 o.047 o.031 o.033 o.o35 o.qcz o.027 o.o37 o.o38 o.028 o.025 o.o23 o.019 o.o2o o.018 o.016 o.o2o o.o3o o.039 o.063 0.044 o.o19 o.o17 o.054 o.043 o.0312 
14 0.026 0.017 0.016 0.016 0.~09 0.015 0.015 0.018 0.020 0.020 0.015 0.017 0.013 0.014 0.013 0.033 0.039 0.064 0.062 0.045 0.029 0.011 0.010 0.009 0.0227 
15 0.007 0.008 0.015 0.003 0.005 0.008 0.009 0.028 0.030 CAL 0.040 0.050 0.037 0.024 0.021 0.024 0.041 0.067 0.073 0.038 0.002 0.034 0.060 0.027 0.0283 
16 0.013 0.003 0.005 0.000 0.003 0.014 0.029 0.041 0.049 0.045 0.050 0.057 0.048 0.018 0.012 0.023 0.059 0.064 0.068 0.069 0.068 0.068 0.061 0.043 0.0379 
17 0.009 0.005 0.004 0.002 0.002 0.003 0.007 0.016 0.012 CAL 0.006 0.005 0.004 0.006 0.003 0.006 0.010 0.013 0.013 0.013 0.012 0.012 0.008 0.007 0.0077 
18 0.004 0.007 0.005 0.012 0.012 0.006 0.005 0.007 0.007 0.007 0.007 0.006 0.007 0.005 0.004 0.005 0.009 0.015 0.017 0.024 0.022 0.021 0.019 0.018 0.0105 
19 0.014 0.013 0.010 0.006 0.007 0.013 0.020 0.023 0.015 0.023 0.022 0.010 0.019 0.016 0.011 0.016 0.017 0.036 0.067 0.074 0.023 0.021 0.015 0.013 0.0210 
20 0.022 0.024 0.017 0.005 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
21 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
22 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
23 NO NO NO NO NO NO NO NO NO NO• NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
24 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 

25 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
26 NO NO NO NO NO NO NO NO NO NO NO 0.027 0.032 0.033 0.024 0.021 0.021 0.033 0.038 0.051 0.055 0.040 0.049 0.062 
27 0.042 0.025 0.031 0.029 0.011 0.009 0.009 0.017 CAL CAL 0.013 0.013 0.017 0.015 0.009 0.010 0.017 0.021 0.034 0.055 0.040 0.048 0.060 0.063 
28 0.069 0.059 0.061 0.064 0.065 0.059 0.067 0.029 0.024 0.019 0.011.0.023 0.019 0.011 0.007 0.004 0.000 0.007 0.065 0.066 0.070 0.037 0.049 0.039 
29 0.020 0.006 0.003 0.002 0.003 0.009 0.010 0.016 0.036 0.052 0.029 0.009 0.002 0.004 0.003 0.003 0.005 0.009 0.017 0.020 0.025 0.027 0.017 0.008 

0.0170 

***** 
***** 
**"'** 
***** 
***** 

0.0374 
0.0267 
0.0385 
0.0140 

30 0.003 0.001 0.001 0.001 0.003 0.006 0.009 0.008 0.009 CAL 0.007 0.007 0.004 0 .• 004 0.003 0.003 0.005 0.013 0.017 0.018 0.015 0.016 0.013 0.014 0.0078 
Monthly Averaga = 

Maximum Hourly Average was 0.074 at Hour 20 on Day 19 with 1 occur·enccs and there were no llourly Violations 
Maximum Daily Average was 0.0454 on Day 2 with 1 occurenccs and there were no Daily Violations 
Operating Efficiency = 75.7 percent 
NO = no data, ZS = zero/span, CAL = calibration, I R = rc-pa i r, Rl = relocation, 0~ F = off, AZS = dai L y zero/span, INS = insufficient delta 
[CEM 1990] 
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MEPA - Kuwait 

June 1991 

Hourly Averages for NO in ppm 

Hour 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Daily 
Day Avernge 

1 0,041 0.013 0.016 0.026 0.008 0.008 0.051 0.030 0.012 CAL 0.017 0.012 0.017 0.014 0.012 0.012 0.022 0.013 0.032 0.028 0.085'0.051 0.127 0.057 0.0306 
2 0.011 0.101 0.047 0.022 0.'036 0.077 0.023 0.,041 0.029 0.014 0.012 0.025 0.022 0.014 0.001 0.032 0.068 0.073 0.154 0.110 0.033 0.099 0.109 0.036 0.0495 
3 0.010 0.010 0.001 0.001 0.005 0.009 0.019 0.022 0.016 CAL 0.052 0.007 0.004 0.004.0.002 0.006 0.003 0.001 0.000 0.000 0.001 0.038 0.028 0.024 0.0114 
4 0.057 0.066 0.089 0.064 0.011 0.012 0.036 0.036 0.023 0.015 0.012 0.011 0.018 0.015 0.006 0.002 0.003 0.000 0.000 0.000 0.001 0.018 0.099 0.122 0.0298 
5 0.117 0.043 0.027 0.024 0.043 0.044 0.040 0.036 0.039 0.020 0.009 0.005 0.002 0.000 0.000 0.000 0.002 0.002'0,001 0.001 0.005 0.027 0.081 0.090 0.0274 
6 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO ***** 
7 0.066 0.047 0.046 0.044 0.067 0.051 0.051 0.033 0.049 0.005 0.001 0.001 0.001 0.004 0.002 0.002 0.000 0.002 0.029 0.047 0.078 0.090 0.080 0.023 0.0341 
8 0.002 0.011 0.024 0.001 0.001 0.002 0.005 0.006 0.007 CAL 0.007 0.002 0.004 0.003 0.002 0.004 0.007 0.000 0.000 0.000 0.000 0.011 0.070 0.017 0.0081 
9 0.011 0.001 0.001 0.010 0.031 0.006 0.001 0.003 0.006 0.016 0.012 0.010 0.007 0.001 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.009 0.057 0.048 0.0097 

10 0.028 0.000 0.000 0.001 0.000 0.002 0.02~ 0.034 0.026 CAL CAL 0.013 0.005 0.001 0.002 0.000 0.000 0.001 0.025 0.024 0.018 0.000 0.001 0.000 0.0095 
11 0.019 0.003 0.002 0.009 0.045 0.027 0.006 0.033 0.005 0.006 0.001 0.001 0.001 0.000 0.000 0.004 0.007 0.007 0.017 0.007 0.005 0.002 0.000 0.001 0.0087 
12 0.001 0.000 0.000 0.000 0.000 0.001 0.001 0.005 0.028 CAL 0.018 0.012 0.010 0.007 0.003 0.000 0.000 0.000 0.012 0.009 0.009 0.012 0.020 0.024 0.0075 
13 0.025 0.010 0.007 0.003 0.001 0.009 0.015 0.010 0.005 0.005 0.003 0.003 0.002 0.003 0.003 0.003 0.003 0.003 0.025 0.006 0.001 0.002 0.030 0.002 0.0075 
14 0.001 0.000 0.001 0.001 0.001 0,002 0.002 0.002 0.000 0.003 0.001 0.005 0.000 0.001 0.002 0.003 0.004 0.011 0.022 0.025 0.009 0.001 0.002 0.000 0.0041 
15 0.001 0.000 0.011 0.000 0.000 0.000 0.000 0.003 0.003 CAL 0.010 0.025 0.009 0.001 0,001 0.000 0.004 0.077 0.160 0.097 0.000 0.035 0.047 0.002 0.0211 
16 0.002 0.001 0.000 0.000 0.000 0.001 0.004 0.018 0.047 0.009 0.006 0.019 0.007 0.002 0.001 0.002 0.064 0.160 0.181 0.131 0.053 0.078 0.038 0.008 0.0347 
17 0.001 0.000 0.001 0.001 0.000 0.000 0.000 0.001 0.002 CAL 0.002 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0:000 0.000 0.000 0.000 0.000 0.0004 
18 0.001 0.000 0.000 0.001 0.000 0.000 0.000 0.001 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.0002 
19 0.000 0.000 0.000 0.002 0.000 0.000 0.003 0.004 0.003 0.006 0.004 0.001 0.003 0.000 o.ooo 0.002 0.001 0.002 0.010 0.025 0.001 0.006 0.002 0.001 
20 0.002 0.000 0.001 0.023 

j 

NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
21 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
22 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO No NO NO NO NO NO NO 
23 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
24 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
25 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO 
26 NO NO NO NO NO NO NO NO NO NO No o.oo6 o.oo6 o.oo6 o.oo6 o.oo5 o.oo5 o.oo5 ·o.oo5 o.oo7 o.oo9 o.oo5 o.o11 o.o18 

0.0032 
0.0065 

*"'*** 
***** 
***** 
***•* 
***** 

0.0072 
' 27 0.007 0.004 0.005 0.007 0.005 0.004 0.004 0.006 CAL CAL 0.006 0.006 0.006 0.005 0.006 0.005 0.006 0.007 0.006 0.011 0.009 0.011 0.030 0.138 0.01341 
' 28 0.166 0.067 0.190 0.180 0.180 0.075 0.102 0.009 0.008 0.008 0.005 0.007 0.007 0.003 0.002 0.000 0.000 o.ooo 0.075 0.065 0.051 0.007 0.012 0.007 0.0511' 

29 o.oo5 o.004 o.oo4 o.oo4 o.oo4 o.oo3 o.oo3 o.oQ4 o.006 o.o13 o.oor o.oo3 o.oo4 o.oo2 0.002 o.oo2 o.oo2 0.002 o.oo2'o.oo3 o.oo3 o.oo3 o.oo3 o.oo2 
30 0.002 0.003 0.003 0.003 0.003 0.002 0.004 0.003 0.003 CAL 0.051 0.001 0.002 0.002 0.001 0.002 0.002 0.001 0.003 0.001. 0.002 0.002 0.001 0.002 

Monthly Average= 

Maximum Hourly Average was 0.190 at Hour 3 on Day 28 with 1 occurences and there were no Hourly Violations 
Maximum Daily Average was 0.0511 on Day 28 with 1 occurences and there were no Daily Vio·tations 
Operating Efficiency = 75.7 percent 
NO= no data, zs =zero/span, CAL= calibration, IR =.repair, RL =relocation, OFF= off, AZS =daily zero/span, INS= insufficient data 
[CEM 1990] 
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MEPA - Kuwait 
June 1991 

Hourly Averages for H2S in ppm 

Hour 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Deily 
Day Average 

1 0.006 0.006 0.006 0.005 0.005 0.005 0.006 0.005 0.006 CAL 0.009 0.010 0.012 0.015 0.018 0.020 0.021 0.019 0.016 0.013 0.011 0.010 0.009 0.008 0.0105 
2 0.007 0.007 0.006 0.006 0.006 0.006 0.005 0.006 0.006 0.006 0.007 0.008 0.009 0.010 0.011 0.012 0.012 0.012 0.011 0.010 0.009 0.009 0.009 0.008 0.0083 
3 0.007 0.007 0.006 0.006 0.006 0.005 0.005 0.005 0.006 CAL 0.008 0.010 0.011 0.013 0.015 0.017 0.017 0.017 0.015 0.013 0.011 0.010 0.009 0.009 0.0099 
4 0.008 0.006 0.006 0.006 0.005 0.005 0.005 0.005 0.006 0.008 0.009 0.010 0.011 0.013 0.015 0.016 0.016 0.015 0.013 0.012 0.010 0.009 0.008 0.008 0.0094 

! o.o~: o.o~~ o.o~~ o.o~~ o.o~~ o.o~~ o.o~~ o.o~~ o.o~~ o.o~~ o.o~: o.o~: o.o~~ o.o~~ o.o~~ o.o~~ o.o~~ o.o~~ o.o~: o.o~~ o.o~~ o.o~~ o.o~~ o.o~: o~~~;~\ 
. ' 

7 0.008 0.007 0.006 0.006 0.006 0.005 0.005 0.005 0.006 0.007 0.009 0.010 0.012 0.014 0.016 0.018 0.019 0.017 0.014 0.012 0.010 0.009 0.009 0.008 0.0099. 
8 0.007 0.007 0.006 0.006 0.006 0.005 0.005 O.OQ5 0.006 CAL 0.008·0.010 0.012 0.014 0.018 0.023 0.026 0.026 0.021 0.016 0.012 0.010 0.009 0.007 0.0115 
9 0.006 0.006 0.005 0.005 0.005 0.005 0.004 0.005 0.005 0.006 0.008 0.009 0.012 0.015 0.022 0.029 0.032 0.032 0.028 0.021 0.015 0.012 0.010 0.008 0.0127 

10 0.007 0.006 0.005 0.004 0.004 0.004 0.004 0.004 0.005 CAL CAL 0.010 0.012 0.010 0.031 0.056 0.071 0.080 0.077 0.063 0.045 0.033 0.024 0.018 0.0260 
11 0.014 0.011 0.010 0.008 0.008 0.007 0.006 0.006 0.007 0.007 0.008 0.011 0.014 0.024 0.034 0.038 0.039 0.046 0.043 0.027 0.018 0.013 0.010 0.008 0.0174 
12 0.007 0.006 0.006 0.005 0.005 0.005 0.005 0.005 0.010 CAL 0.016 0.012 0.010 0.010 0.010 0.010 0.010 0.010 0.009 0.008 0.006 0.006 0.006 0.005 0.0079 
13 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.006 0.007 0.007 0.008 0.009 0.009 0.009 0.008 0.007 0.007 0.006 0.005 0.005 0.005 0.0062 
14 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.006 0.006 0.006 0.008 0.008 0.008 0.008 0.008 0.007 0.007 0.006 0.005 0.005 0.005 0.005 0.0060 
15 0.005 0.005 0.005 0.006 0.007 0.006 0.005 0.005 0.005 CAL 0.006 0.007 0.007 0.007 0.008 0.008 0.008 0.008 0.008 0.008 0.006 0.006 0.005 0.005 0.0063 
16 0.008 0.009 0.009 0.007 0.007 0.007 0.007 0.007 0.006 0.006 0.006 0.006 0.007 0.007 0.030 0.007 0.007 0.007 0.006 0.005 0.005 0.005 0.005 0.005 0.0075 
17 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 CAL 0.005 0.006 0.007 0.009 0.010 0.010 0.010 0.010 0.009 0.008 0.006 0.006 0.005 0.004 0.0061 
18 0.004 0.004 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.004 0.005 0.007 0.009 0.011 0.012 0.013 0.014 0.013 0.012 0.010 0.008 0.006 0.005 0.005 0.0068 
19 0.004 0.004 0.003 0.003 0.003 0.003 0.003 0.003 0.003 0.004 0.005 0.007 0.008 0.009 0.008 0.007 0.007 0.006 0.005 0.004 0.005 0.005 0.006 0.008 0.0051 
20 0.008 0.006 0.006 0.006 0.005 0.005 0.005 0.005 0.005 CAL 0.005 0.006 0.006 0.006 0.006 0.005 0.006 0.005 0.005 0.005 0.005 0.005 0.005 0.006 0.0055 
21 0.005 0.005 0.007 0.007 0.007 0.007 0.007 0.007 0.008 0.012 0.014 0.016 0.016 0.013 0.012 0.011 0.010 0.009 0.009 0.008 0.007 0.007 0.007 0.007 0.0091 
22 0.007 0.009 0.008 0.009 0.009 0.009 0.009 0.009 0.009 CAL 0.009 0.009 0.009 0.010 0.011 0.010 0.008 0.008 0.008 0.008 0.008 0.008 0.007 0.007 0.0086 
23 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.008 0.008 0.002 0.000 0.000 0.008 0.009 0.009 0.009 0.008 0.007 0.007 0.007 0.009 0.013 0.016 0.0073 
24 0.015 0.014 0.014 0.013 0.013 0.015 0.015 0.014 0.013 CAL 0.012 0.012 0.013 0.015 0.017 0.013 0.011 0.009 0.007 0.006 0.006 0.006 0.009 0.012 0.0119 
25 0.017 0.025 0.013 0.012 0.011 0.010 0.011 0.012 0.011 0.011 0.010 0.012 CAL 0.013 0.012 0.010 0.009 0.008 0.008 0.007 0.007 0.007 0.008 0.011 0.0111 
26 0.013 0.014 0.015 0.013 0.012 0.012 0.011 0.011 0.011 0.010 0.010 0.009 0.0Q9 0.009 0.009 0.009 0.008 0.008 0.008 0.007 0.007 0.007 0.007 0.007 0.0098 
27 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.007 CAL CAL 0.007 0,007 0.007 0.007 0.008 0.009 0.008 0.008 0.008 0.009 0.009 0.009.0.009 0.010 0.0078 
28 0.011 0.011 0.011 0.012 0.012 0.011 0.012 0.011 0.011 0.076 0.011 0.011 0.012 0.013 0.013 0.013 0.012 0.011 0.010 0.009 0.008 0.007 0.007 0.007 0.0134 
29 0.007 0.008 0.013 0.017 0.009 0.007 0.007 0.007 0.007 0.007 0.011 0.015 0.021 0.023 0.025 0.026 0.027 0.025 0.022 0.018 0.014 0.011 0.010 0.008 0.0144 
30 0.007 0.006 0.005 0.005 0.005 0.005 0.005 0.005 0.005 CAL 0.004 0.000 0.012 0.016 0.019 0.021 0.022 0.021 0.018 0.015 0.013 0.011 0.009 0.008 0.0103 

1------------------------------------------------/ Monthly Average = 0.0099 

Maximum Hourly Average was 0.080 at Hour 18 on Day 10 with 1 occurences and there were no Hourly Violations 
Maximum Daily Average was 0.0260 on Day 10 with 1 occurcnces and there were no Daily Violations 
Operating Efficiency = 96.7 percent 
NO= no data, ZS =zero/span, CAL= calibration, IR =repair, RL =relocation, OF_F =off, AZS =daily zero/span, INS= insufficient data 
[CEM 19901 
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Hour 2 

MEPA - Kuwait 
June 1991 

Hourly Averages for 502 in ppm 

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 ·2o 21 22 23 24 Oaity 

Oay 1----------------------
1 0.019 0.020 0.045 0.049 0.020 0.024 0.071 0.043 0.031 

·l Average 
CAL 0.016 0.014 0.018 0.019 0.018 0.018 0.024 0.015 0.015 0.011 0.022 0.015 0.038 0.021 0.0255 

2 0.012 0.049 0.049 0.077 0.085 0.099 0.071 0.067 0.041 0.020 0.013 0.016 0.018 0.017 0.018 0.027 0.028 0.023 0.034 0.029 0.014 0.028 0.035 0.019 0.0370 
3 0.011 0.010 0.005 0.005 0.005 0.010 0.016 0.018 0.014 CAL 0.034 0.009 0.008 0.009 0.010 0.012 0.010 0.008 0.007 0.014 0.005 0.020 0.018 0.016 0.0119 
4 0.027 0.029 0.039 0.032 0.013 0.012 0.024 0.022 0.016 0.012 0.010 0.011 0.015 O.Oi4 0.011 0.010 0.010 0.007 0.007 0.006 0.005 0.010 0.034 0.041 0.0174 
5 0.038 0.019 0.014 0.014 0.022 0.023 0.021 0.018 0.023 0.016 0.014 0.004 0.004 0.006 0.006 0.008 0.009 0.011 0.015 0.017 0.023 0.029 0.023 0.006 0.0160 
6 NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO NO tlD *"'*** 
7 0.005 0.007 0.020 0.020 0.030 0.063 0.064 0.019 0.020 0.013 0.008 0.007 0.007 0.007 0.008 0.009 0.009 0.008 0.007 0.005 0.005 0.013 0.029 0.033 0.0173 
8 0.026 0.021 0.021 0.021 0.029 0.027 0.026 0.061 0.031 CAL 0.009 0.006 0.008 0.009 0.012 0.016 0.021 0.015 0.009 0.006 0.005 0.008 0.032 0.012 0.0187 
9 o.o1o o.004 o.042 0.130 o.062 o.o12 o.oo6 0.012 0.020 o.o15 0.011 0.012 o.o11 o.oo9 o.o13 0.011 o.019 o.o19 o.015 o.oo9 o.oo6 o.oo8 o .. 028 o.o2'· o.o2v. 

10 0.016 0.003 0.003 0.003 0.002 0.003 0.016 0.018 0.018 CAL CAL 0.010 0.010 0.014 0.026 0.041 0.054 0.066 0.080 0.061 0.040 0.035 0.066 0.031 0.0280 
11 0.036 0.029 0.015 0.010 0.038 0.078 0.061 0.064 0.006 0.004 0.004 0.004 0.007 0.013 0.021 0.028 0.031 0.040 0.040 0.018 0.009 0.004 0.010 0.016 0.0244 
12 0.002 0.000 0.001 0.001 0.011 0.008 0.007 0.006 0.022 CAL 0.020 0.015 0.014 0.012 0.006 0.003 0.002 0.002 0.009 0.006 0.004 0.004 0.006 0.007 0.0073 
13 0.014 0.009 0.008 0.009 0.008 0.008 0.010 0.008 0.014 0.012 0.004 0.006 0.009 0.012 0.018 0.005 0.003 0.002 0.006 0.004 0.022 0.034 0.016 0.002 0.0101 
14 0.001 0.002 0.007 0.018 0.006 0.008 0.013 0.015 0.016 0.018 0.011 0.006 0.002 0.001 0.001 0.003 0.002 0.002 0.006 0.005 0.002 0.011 0.011 0.012 0.0075 
15 0.009 0.008 0.010 0.008 0.009 0.009 0.008 0.009 0.005 CAL 0.002 0.005 0.016 0.008 0.008 0.004 0.004 0.008 0.014 0.014 0.011 0.011 0.014~ 0.0160 
16 0.134 0.058 0.061 0.037 0.034 0.042 0.060 0.077 0.073 0.035 0.029 0.030 0.021 0.008 0.006 0.007 0.010 0.011 0.014 0.014 0.013 0.013 0.012 0.014 0.0339 
17 0.020 0.017 0.022 0.014 0.005 0.013 0.013 0.006 0.005 CAL 0.004 0.005 0.004 0.005 0.006 0.006 0.005 0.005 0.005 0.004 0.004 0.005 0.005 0.006 0.0080 
18 0.006 0.009 0.014 0.031 0.027 0.010 0.007 0.006 0.005 0.004 0.007 0.006 0.007 0.008 0.008 0.009 0.010 0.006 0.007 0.006 0.005 0.008 0.009 0.008 0.0093 
19 0.000 0.000 0.021 0.021 0.012 0.022 0.052 0.084 0.034 0.093 0.095 0.009 0.008 0.016 0.007 0.007 0.008 0.012 0.010 0.011 0.114 0.185 0.166~ 0.0494 
20 0.102 0.026 0.014 0.015 0.013 0.010 0.006 0.006 0.019 CAL 0.013 0.009 0.011 0.011 0.011 0.013 0.010 0.008 0.009 0.012 0.011 0.010 0.114 0.038 0.0213 
21 0.047 0.052 0.095 0.028 0.021 0.068 0.071 0.058 0.066 0.065 0.037 0.037 0.042 0.033 0.022 0.016 0.015 0.016 0.016 0.019 0.016 0.010 0.011 0.047 0.0378 
22~ 0.078 0.035 0.036 0.066 0.035 0.042 0.050 0.024 CAL 0.038 0.016 0.018 0.021 0.012 0.010 0.008 0.007 0.007 0.007 0.007 0.007 0.007 0.007 0.0316 
23 0.007 0.006 0.006 0.007 0.007 0.007 0.007 0.007 0.008 0.008 0.007 0.007 0.008 0.008 0.008 0.009 0.009 0.008 0.008 0.008 0.008 0.010 0.031 0.026 0.0094 
24 0.012 0.035 0.026 0.020 0.056 0.128 0.176 0.164 0.191 CAL 0.089 0.071 0.060 0.038 0.032 0.039 0.039 0.023 0.017 0.020 0.022 0.075 0.288 0.168 0.0778 
25 0.075 0.064 0.065 0.028 0.033 0.222 0.177 0.110 0.067 0.027 0.023 0.040 CAL 0.034 0.028 0.023 0.025 0.024 0.026 0.019 0.020 0.027 0.048 0.150 0.0589 
26 0.153 0.191 0.028 0.025 0.036 0.033 0.024 0.027 0.021 0.017 0.016 0.014 0.014 0.013 0.013 0.013 0.013 0.012 0.011 0.012 0.016 0.017 0.021 0.019 0.0316 
27 0.019 0.018 0.017 0.016 0.016 0.018 0.017 0.019 CAL CAL 0.021 0.021 0.021 0.024 0.021 0.019 0.018 0.017 0.017 0.017 0.019 0.021 0.024 0.025 0.0193 
28 0.025 0.028 0.028 0.026 0.028 0.028 0.027 0.025 0.028 0.115 0.029 0.028 0.029 0.028 0.030 0.043 0.057 0.040 0.047 0.042 0.047 0.041 0.040 0.030 0.0370 
29 o.o2o o.o18 o.o3o o.o28 o.o18 o.o14 o.o14 o.o13 o.o13 o.o11 o.o16 o.o11 o.o2o o.o23 o.024 o.o25 o.o25 o.o24 o.o22 o.o18 o.o16 o.o14 o·.o12 o.o11 o.0188 
30 0.010 0.010 0.010 0.010 0.010 0.011 0.013 0.011 0.012 CAL 0.037 0.017 0.021 0.018 0.019 0.021 0.021 0.021 0.018 0.016 0.014 0.013 0.012 0.013 0.0156 

Monthly Average = 0.0247 

Maximum Hourly Average was 
Maximum Daily Average was 

0.288 at Hour 2,3 on Day 24 with 1 occurences and the Number of Hourly Violations were _1_ 

0.0778 on Day 24 with 1 occurences and there were no Daily Violations 
Operating Efficiency = 96.7 percent 
NO= no data, ZS =zero/span, CAL= calibration, JR =repair, Rl =relocation, OFF.= off, AZS =daily zero/span, INS= insufficient data 

[CEM 1990] 
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MEPA · Kuwait 

June 1991 

Frequency Distribution 
Hourly Averages for 502 in ppm 

Concentrati.on # of Hours 

0 

Percentage 

0.000 . 0.020 437 64.2 
0.021 . 0.060 184 27.0 
0.061 0.110 39 5. 7 
0.111. 0.170 11 1.6 
0.171 . 0.340 10 1.5 

0.341+ 0 o.o 
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MEPA - Kafji 

,_') 
S02 NO N02 NOx 03 NH3 H2S 
ppm ppm ppm ppm ppm ppm ppm 

11:00:00 0.000 0.003 0.006 0.009 0.044 0.00 0.001 
12:00:00 o.ooo 0.001 0.013 0. 014 0.053 0.00 0.001 
13:00:00 o.ooo 0'.001 0.010 0.011 0.053 0.00 0.002 
14:00:00 0.000 0.001 0.010 0.011 0.050 0.00 0.002 
15:00:00 0.000 0.001 0.014 0.016 0.047 0.00 0.001 
16:00:00 0.000 0.001 0.010 0.010 0.047 0.00 0.001 
17:00:00 0.000 0.002 0.019 0.021 0.039 0.00 0.000 
18:00:00 0.000 0.002 0.022 0.024 0.034 0.00 0.000 
19:00:00 0.000 0.008 0.028 0.035 0.018 0.00 0.001 
20:00:00. 0.000 0.005 0.016 0.020 0.020 0.00 0.000 
21:00:00 0.000 0.003 0.016 0.018 0.022 0.00 0.000 
22:00:00 0.000 0.003 0.013 0.015 0. 026 0.00 0.000 
23:00:00 0.000 0.002 0.011 0.013 0.029 0.00 0.000 
24:00:00 0.000 0.002 0.006 0.008 0.026 0.00 0.000 

09 I 10 I 91 
01:00:00 0.000 0.001 0.005 0.006 0.031 0.00 0.000 
02:00:00 0.006 0.001 0.006 0.007 0.032 0.00 o.ooo 
03:00:00 0.000 0.001 0.006 0.007 0.031 0.00 0.000 
04:00:00 0.000 0.001 0.006 0.007 0.031 0.00 0.000 
05:00:00 0.000 0.001 0.005 0.006 0.030 0.00 0.000 
06:00:00 0.000 0.001 0.005 0.006 0.029 0.00 0.000 
07:00:00 0.000 0.003 0.008 0.010 0.029 0.00 0.000 
08:00:00 0.000 0.003 0.010 0.014 0.031 0.00 0.000 
09:00:00 0.000 0.002 0.011 0.013 0.038 0.00 0.000 
10:00:00 0.000 0.004 0.014 0.019 0.034 0.00 0.000 

~:) 
11:00:00 o.ooo 0.002 0.009 0.011 0.041 0.00 0.000 
12:00:00 0.000 0.003 0.014 0.017 0.052 0.00 0.001 
13:00:00 0.000 0.002 0.013 0.015 0.051 0.00 0.002 
14:00:00 0.000 0.002 0.010 0.011 0.054 0.00 0.001 
15:00:00 0.000 0.002 0.007 0.009 0,048 0.00 0.001 
16:00:00 0.000 0.002 0.012 0.014 0.038 0.00 0.001 
17:00:00 0.000 0.011 0.036 0.047 0.022 0.00 0.001 
18:00:00 0.000 0.012 0.034 0.046 0.020 0.00 0.001 
19:00:00 0.000 0.008 0.042 0.050 0.012 0.00 0.001 
20:00:00 0.000 0.014 0.050 0.063 0.006 0.00 0.001 
21:00:00 0.000 0.003 0.029 0.032 0.020 0.00 0.001 
22:00:00 0.000 0.004 0.027 0.030 0.020 0.00 0.001 
23:00:00 0.000 0.008 0.035 0.042 0.010 0.00 0.002 
24:00:00 0.000 0.002 0.009 0.011 0.022 0.00 0.001 

09 "/ 111 91 
01:00:00 0.000 0.002 0.008 0.011 0.019 0.00 0.002 
02:00:00 0.000 0.000 0.007 0.006 0.021 0.00 0.002 
03:00:00 0.000 0.001 0.004 0.005 0.024 o.oo 0.003 
04:00:00 0.000 0.001 0.003 0.004 0.024 0.00 0.004 
05:00:00 0.000 0.001 0.004 0.005 0.024 0.00 0.003 
06:00:00 0.000 0.001 0.005 0.006 0.024 0.00 0.002 
07:00:00 0.000 0.003 0.005 0.008 0.025 o.oo 0.001 
08:00:00 0.000 0.003 0.009 0.012 0.023 0.00 0.002 

0 



MEPA - Kafji 

S02 NO N02 NOX 03 NH3 H2S 
:] 

ppm ppm ppm ppm ppm ppm ppm 
09:00:00 0.000 0.002 0.012 0.014 0.030 0.00 0.001 
10:00:00 0.000 0.003 0.012 0.015 0.037 o.oo 0.001 
11:00:00 o.ooo 0.001 0.009 0.010 0.039 o.oo 0.001 
12:00:00 0.000 0.002 0.006 0.008 0.038 0.00 0.002 
13:00:00 0.000 0.002 0.003 0.004 0.041 0.00 0.002 
14:00:00 0.000 0.002 0.00.2 0.004 0.037 0.00 0.003 
15:00:00. 0.000 0.002 0.003 0.004 0.037 0.00 0.003 
16:00:00 0.000 0.002 0.004 0.006 0.034 0.00 0.002 
17:00:00 0.000 0.002 0.005 0.007 0.033 0.00 0.001 
18:00:00 0.000 0.003 0.009 0.013 0.019 0.00 0.001 
19:00:00 0.000 0.005 0.008 0.013 0.010 0.00 0.001 
20:00:00 0.000 0.005 0.010 0.015 0.012 0.00 0.001 
21:00:00 0.000 0.004 0.017 0.020 0.010 o.oo 0.001 
22:00:00 0.000 0.006 0.022 0.028 0.010 0.00 0.000 
23:00:00 0.000 0.003 0.020 0.023 0.011 0.00 0.001 
24:00:00 0.000 0.002 0.008 0.010 0.018 o.oo 0.000 
09 I 12 I 91 
01:00:00 0.000 0.001 0.005 0.006 0.024 0.00 0.000 



MEPA - Kafji 

C) 
DUST ws WD TEMP HUMIDITY RAD PRESS 
mglm3 mlsec degrees c % watts mb 

09 I 07 I 91 
14:00:00 0.018 4.0 50 32.4 58.0 341.5 997.2 
15:00:00 0.014 3.9 . 53 32.3 55.0 267.3 995.5 
16:00:00 0.013 3.3 58 31.5 68.6 212.9 993.9 
17:00:00 0.013 2.8 62 31.5 67.7 140.2 992.8 
18:00:00 0.013 2.0 102 30.4 75.2 34.4 992.8 
19:00:00 o. 013 1.2 208 29.4 73.6 o.o 992.5 
20:00:00 0.013 0.2 243 29.0 70.6 0.0 992.1 
21:00:00 0.013 1.5 266 28.7 63.0 0.0 991.9 
22:00:00 0.013 1.8 273 27.7 49.6 o.o 991.8 
23:00:00 0.013 2.2 275 27.4 43.3 0.0 991.9 
24:00:00 0.013 2.3 266 27.6 41.1 0.0 991.7 

09 I 08 I 91 
01:00:00 0.013 2.5 265 27.2 37.1 o.o 991.6 
02:00:00 0.013 2.5 272 26.8 33.5 0.0 991.5 
03:00:00 0.014 3.4 276 26.1 31.8 0.0 991.2 
04:00:00 0.015 4.1 286 25.7 30.8 0.0 991.1 
05:00:00 0.014 3.8 292 24.9 31.2 0.0 990.8 
06:00:00 0.015 3.9 293 25.0 30.4 3.7 990.4 
07:00:00 0.016 3.8 291 26.0 28.6 16.1 990.4 
08:00:00 0.017 3.9 290 26.4 27.5 8.2 990.7 
09:00:00 0.017 3.8 292 27.2 26.9 23.6 990.9 
10:00:00 0.015 4.2 313 29.1 25.7 81.2 991.0 
11:00:00 0.023 4.9 332 31.2 23.3 41.6 992.2 
12:00:00 0.017 5.7 359 34.0 21.6 57.9 992.8 

0 
13:00:00 0.014 5.8 10 34.5 26.5 192.0 993. 2. 
14:00:00 0.012 5.7 12 35.4 28.6 385.4 994.0 
15:00:00 0.014 6.3 19 35.4 32.3 355.9 994.7 
16:00:00 0.014 6.5 18 34.5 36.6 222.5 995.2 
17:00:00 0.014 6.1 13 34.1 37.6 90.4 994.6 
18:00:00 0.014 6.1 12 33.5 38.0 14.5 994.1 
19:00:00 0.016 7.3 4 34.2 33.4 o.o 993.7 
20:00:00 0.018 6.5 347 32.9 37.4 0.0 994.2 
21:00:00 0.023 6.8 348 32.8 36.0 0.0 994.1 
22:00:00 0.023 6.2 1 32.6 35.6 0.0 993.9 
23:00:00 0.018 3.3 323 29.1 39.9 0.0 993.6 
24:00:00 0.015 4.6 327 28.7 30.3 0.0 992.8 

09 I 09 I 91 
01:00:00 0.015 5.8 331 29.1 26.2 0.0 992.8 
02:00:00 0.016 5.0 328 28.2 26.4 0.0 992.6 
03:00:00 0.015 4.9 322 27.0 27.3 0.0 992.1 
04:00:00 0.016 5.3 329 26.9 27.6 0.0 991.2 
05:00:00 0.015 4.6 322 26.1 27.8 0.0 990.8 
06:00:00 0.015 4.0 317 24.7 29.2 "6.1 990.2 
07:00:00 0.016 5.0 328 26.7 27.7 63.4 990.4 
08:00:00 0.015 6.7 330 31.1 24.1 239.3 992.7 
09:00:00 0.016 8.7 344 34.7 21.4 526.6 995.3 
10:00:00 0.016 9.3 340 37.4 17.5 627.8 997.6 



MEPA- Kafji 

DUST WS WD TEMP HUMIDITY RAD PRESS 
.) 
~/ 

mglm3 m1sec ·degrees c % watts mb 
11:00:00 0.022 8.1 320 38.1 15.8 531.4 998.9 
12:00:00 0.016 6.1 356 38.8 16.3. 591.6 999.8 
13:00:00 0.014 4.2 5 37.7 19.4 336.8 1000.8 
14:00:00 0.014 3.9 12 37.0 22.0 194.9 999.6 
15:00:00 0.014 4.6 4 36.9 20.7 10.0 997.2 
16:00:00 0.014 4.2 12 36.5 20.6 64.1 995.7 
17:00:00 0.014 4.9 2 36.6 20.4 40.9 994.7 
18:00:00 0.015 4.3 342 35.1 23.7 7.1 994.8 . 
19:00:00 0.014 2.5 304 33.4 24.9 0.0 994.6 
20:00:00 0.018 3.6 317 33.3 17.9 0.0 994.3 . 
21:00:00 0.019 3.7 313 32.7 17.4 0.0 993.8 
22:00:00 0.019 4.0 314 32.1 17.6 0.0 993.6 
23:00:00 0.018 4.0 307 30.8 18.3 o.o 993.2 
24:00:00 0.019 4.0 306 29.2 19.1 0.0 992.7 

09 I 10 I 91 
01:00:00 0.020 4.4 309 28.9 20.1 o.o 992.4 
02:00:00 0.024 5.2 315 28.8 20.2 0.0 992.2 
03: 00: 00 0.028 6.3 318 28.6 19.5 o.o 992.2 
04:00:00 o. 031 6.6 322 28.0 19.0 0.0 992.1 
05:00:00 0.031 6.0 318 26.9 19.4 o.o 991.8 
06:00:00 0.024 5.1 315 26.0 20.1 5.0 991.3 
07:00:00 0.029 6.4 318 27.0 20.3 55.8 991.2 
08:00:00 0.030 6.5 320 29.9 18.7 188.9 992.6 
09:00:00 0.028 6.9 329 34.4 16.6 410.3 995.0 
10:00:00 0.017 5.2 21 35.9 21.8 609.9 996.2 
11:00:00 0.014 4.3 24 36.4 29.3 712.1 996.7 

:) 12:00:00 0.015 5.0 34 34.1 38.8 669.8 997.4 
13:00:00 0.014 3.9 50 33.7 44.4 530.2 997.;1. 
14:00:00 0.014 3.3 47 34.1 41.3 369.4 997.0 
15:00:00 o. 013 3.5 66 33.2 47.1 220.8 995.9 
16:00:00 0.013 2.0 122 33.4 41.3 110.7 994.4 
17:00:00 0.013 1.1 190 33.3 35.5 49.0 994.3 
18:oo:oo· o. 013 1.7 207 31.7 40.4 7.9 994.1 
19:00:00 0.013 1.8 237 30.9 37.4 0.0 993.8 
20:00:00 0.014 2.2 247 30.6 34.5 0.0 993.5 
21:00:00 0.014 3.0 249 30.0 33.8 o.o 993.3 
22:00:00 0.014 3.0 259 29.9 31.2 0.0 993.3 
23:00:00 0.015 3.3 276 29.7 26.7 0.0 993.3 
24:00:00 0.016 3.6 298 28.8 24.3 0.0 993.0 

09 I 111 91 
01:00:00 0.016 ';3.7 303 27.7 24.1 o.o 992.6 
02:00:00 0.018 4.0 309 27.8 24.3 0.0 992.3 
03:00:00 0.021 5.3 321 27.8 24.9 0.0 992.3 
04:00:00 0.022 5.4 322 27.1 26.1 o.o 992.3 
05:00:00 0.023 5.1 319 26.6 27.3 0.0 992.1 
06:00:00 0.021 4.9 318 26.2 28.7 3.9 991.9 
07:00:00 0.022 5.3 318 27.1 28.8 48.5 991.9 
08:00:00 0.022 5.0 324 29.1 27.1 150.6 992.9 

:) 
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Institute for Environmental Studies 

John Robinson, Director 
NOAA/Arabian Gulf Program 

Re: Draft report on Kuwait PAH analyses. 

24 September, 1991 

Ground-level exposure to PAH was monitored on the road to Al
Wafra south of Al-Bergan oil field, . at the. International Hotel in 
Kuwait City, Doha, and the Ahmed Al-Jaber Air Base (abandoned) 
between august _4 and 9, 1991. A total of 16 samples were collected 

- using standard methods (NIOSH METHOD 5515, Teflon'™ filters and 
-X.Al)..2); The samples along with 6 field blanks were returned io LSU . 
for analysis. In addition to the niter samples, 6 sediment samples 
were co.llected along a transact on the road to Al-Wafra. Table 1 
provides -the sample collection dates;. times, identification and sample 
location information · The samples were extracted and analyzed by a 
detailed gas chromatograph/mass spectrometer (GC/MS) technique 
which targets the pyrogenic ( combustion)-sourced and petrogenic 
( oil)-sourced P AH. The sediment samples, in addition to the GC/MS 
analyses, were analyzed to determine total petroleum hydrocarbons 
(TPH) by a solvent extraction/gravimetric technique. 

Attached are the quantitative results for these analyses. They have 
been proofed by myself for QA/QC. Earlier results for three of the 
samples released in a preliminary report (memo date 18, August, 
1991) were found to be. in error due to a data entry mistake in the 
formula used to calculate concentration. Sorry, but that's what 
happens when you rush to produce data of this complex nature. The 
correct values for those. samples are incorporated into this report. 
The qualitative inteipretation was not affected, only the absolute 
concentration value. 

The samples collected south of the road to Al-Wafra were intended 
to be a "worse-case" ground level exposure in that I sought to located 

() an area . of high smoke concentration from an integrated plume 

Room 42 Atkur•.nn Hall • Baron Rouqe • toui{iana • 70801-5705 • 5041188-8521 



primarily sourced from the Al-Bergan field, · What do· the results 
mean? Most of the PAH detected is petrogenic in composition; 
resembling oil, not incomplete combustion products. Fingerprint 
comparisons of the PAH homolog profiles suggest that the oil 
collected at sites south of Al-Bergan is a positive match to oil" 
collected at two lake sites within the Al-Bergan field. Samples 
collected within Kuwait City showed a different fingerprint 
suggesting that it was not sourced from the burning fields south of 
the city. No oil from the northern fields were available for source
fingerprinting (I was advised not to drive up in the northern fields 
due to mines, etc.). The composition of P AH in the samples collected 
in the city are probably from a combination of sources including 
automobile and truck exhaust, the desalination and power generation 
plants, burning trash, and the northern oil fields. 

Expect a final report soon. I had hoped to have it completed sooner, 
but I've been really inundated since my return. If you have any 
questions please call. 

Sincerely,· 

enclosures 
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TABLE 1. AIR/PARTICULATE SAMPLING LOG: KUWAIT SAMP.23 SEPT 91 

SAMPLE ID TYPE XAD·2 DATE S. TIME E. TIME I>UMP R.OW S.TIME S. VOL· LOCATION 
·- ·-·--

mldlv hh:mm hh:mm'· Lim ln. min. L: 
K01 G.FL 1 8/3/91 00:45 07:30 2 2 405 810 4th FLOOR BALCONY AM 424, INTERNATIONAL HOTEL 
K02 G.FL 1 - . - - - - - FIELD BLANK 
K03 G.FL 1 - . - - . - • FIELD BLANK 
K04 G.FL 1 8/4/91 11:05 13:15 2 2 130 260 AL-WAFRA ROAD 6.45 km FROM MET.STATION TURN-OFF 
K05 G.FL 1 8/4/91 11:05 13:15 1 2 130 260 AL-WAFRA ROAD, 6.45 km FROM MET.STATION TURN-OFF_~=-
K06 G.FL 1 - - - . - . - FIELD BLANK 
K07 G.FL 1 8/4/91 11:05 13:15 3 2 130 260 AL-WAFRA ROAD, 6.45 km FROM MET.STATION TURN-OFF 
K08 TFE.FIL 1 - - - - . - - FIELD BLANK .. 
K09 TFE.FIL 1 8/4/91 21:35 03:35 2 2 360 720 4th FLOOR BALCONY, AM 424, INTERNATIONAL HOTEL 
K10 TFE.FIL 1 8/6/91 09:15 11:15 3 2 120 24"0 oo-tA 
K11 TFE.FU.. 2 8/5/91 14:00 - 2 2 120 1000 COMPOUND, JUST NORTH OF WAFRA ROAD MET STATION 
K12 TFE.FIL 1 8/5/91 11:30 - 2 2 500 100p AIR BASE (CONTROL ?) 
K13 TFE.FII. 1 8/5/91 13:35 15:10 3 2 105 210 AL-WAFRA MET STATION #7 
K14 TFE.FIL 2 8/5/91 - - - - - - FIELD BLANK 
K15 TFE.FU.. 1 8/8/91 12:00 13:10 2 2 70 140 4th FLOOR BALCONY, AM 424 INTERNATIONAL HOTEL 
K16 TFE.FIL 1 8/8/91 08:30 - 2 2 164 328 4th FLOOR BALCONY AM 424 INTERNATIONAL HOTEL 

' 

K17 TFE.FII. 1 8/7/91 16:00 - 2 2 332 664 4th FLOOR BALCONY, AM 424, INTERNATIONAL HOTEL ----··· 
K18 TFE.FIL 1 8/9/91 12:25 13:40 3 2 75 150 AL-WAFRA ROAD, 16.1 km FROM MOTOTWAY ------· 
K19 TFE.FIL 1 8/9/91 12:25 13:40 2 2 ·75 150 AL-WAFRA ROAD, 16.1 km FROM MOTOTWAY 
K20 TFE.Fl. 1 8/8/91 23:00 - 3. 2 480 960 4th FLOOR BALCONY, AM 424, INTERNATIONAL HOTEL 
K21 TFE.FI. 1 8/8/91 19:00 20:06 2 2 66 132 AL-WAFRA MET STATION #7 ---
K22 TFE.FIL - - - - - - . - " FIEL'D BLANK --
K31 l'lF NA 8/9/91 12:25 13:40 1 2 . 75 150 AL-WAFRA ROAD, 16.1 km FROM MOTOTWAY . 
K32 l'lF NA. - - - - I - c. FIELD BALNK -· .. 
K51 SIJ'lf. NA 8/4/91 12:00 NA NA NA NA NA AL-WAFRA ROAD, 6.45 km FROM MET.STATION TURN-OFF . 
K52 SIJ'lf. NA 8/8/91 18:55 NA. NA NA NA NA AL-WAFRA ROAD, 10.0 km FROM MET.STATION TURN-OFF 
K53 SIJ'lf. NA 8/8/91 19:10 NA NA NA NA NA AL-WAFRA ROAD, 10.7 km FROM MET.STATION TURN-OFF ---· 
K54 SIJ'lf. NA 8/9/91 12:30 NA· NA NA NA NA AL-WAFRA ROAD 
K55 SIJ'lf. NA 8/9/91 12:45 .NA NA NA NA NA AL-WAFRA ROAD 
K56 SIJ'lf. NA 8/9/91 13:00 NA NA NA NA NA AL-WAFRA ROAD -- . 

K71 OIL NA LAKE IN SOUTHWESTERN PORTION OF BERGAN FIELD 8/5/91 11:00 ~ _NA - NA INA NA 
- -



KUWAIT PROJECT: AH QUANT. REPORT FINAL REPORT 

·AIR AIR AIR AIR AIR 
SAMPLE 10: K01 K04 KOS K07 ·K09 

GC/MS TARGET ngtM3** ng/M3** ng/_M3** nQ/M3** nQ/M3** 
COMPOUND 

NAPHTHALENE 150.00 70.00 180.00 90.00 110.00 
C-1 NAPHTHALENE 45.00 180.00 290.00 220.00 24.00 
C-2 NAPHTHALENE 22.00 240.00 400.00 340.00 20.00 
C-3 NAPHTHALENE 15.00 160.00 290.00 230.00 26.00 
C-4 NAPHTHALENE ND 59.00 71.00 110.00 1\0 
FLUORENE ND 7.90 12.00 ND 1\0 
C-1 FLUORENE ND 31.00 30.00 8.70 1\0 
C-2 FLUORENE ND 13.00 16.00 11.00 1\0 
C-3 FLUORENE ND '18.00 8.50 . ND 1\0 
DIBENZOTHIOPHENE ND . 14.00 25.00 23.00 1\0 

. C-1 DIBENZOTHIO. ND ... 31.00 . --· 52.00 38.00 1\0 
C-2 DIBENZOTHIO. ND 

.. 
52.00 17.00 33.00 1\0 

C-.3 DIBENZOTHIO. - . ND . 43.00 .. 15.00 15.00 1\0 
PHENANTHRENE 2.40 19.00 30.00 19.00 3.80 
C-1 PHENANTHRENE NO .. 15.00 . 27.00 21.00 1\0 
C-2 PHENANTHRENE ND 34.00 32.00 . - 19.00 1\0 0 
C-3 PHENANTHRENE ·ND NO - NO NO 1\0 
ANTHRACENE 1.00 2.10 3.60 3.20 1\0 
FLUORANTHENE NO 11.00 8.60 7.40 1\0 
PYRENE NO . 7.20 6.80 4.80 NO 
C-1 PYRENE NO NO NO NO NO 
C-2 PYRENE NO NO NO NO NO 
BENZO(a)ANTHRACENE NO NO NO NO NO 
CHRYSENE NO 9.10 8.90 3.20 NO 
C-1 CHRYSENE NO NO NO NO NO 
BENZO b)FLUORANT. • NO 19.00 6.10 6.80 NO 
BENZO e)PYRENE NO 12.00 4.80 3.70 NO 
BENZO a)PYRENE NO 11.00 3.10 2.60 NO 
PERYLENE NO 18.00 2.80 2.30 ND 
INOEN0(1 ,2,3-cd)PYR. NO 20.00 NO NO NO 
DIBENZO(a,h)ANTHR. NO 17.00 NO NO ND 
• (b) and (k) isomers comb. 

TOTAL TARG.ET PAH: 240.00 1100.00 1500.00 1200.00 180.00 

C.B. Henry, lnst. for Environmental Studies, LSU phone (504) 388-8521 
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KUWAIT PROJECT: AH QUANT. REPORT FINAL REPORT 

AIR 
. ~ 10: K10 

AIR 
K12 

AIR 
K13 

AIR 
K15 

AIR 
K16 

I :1 

.JUNO 
~~~AII=NI= 

C-1_N~Hj_ =~E 

C-2 NAh111 U I=NE 

C-3 NAPHTf-1 A I I=~ E 
C-4 NAh II I=NE 
FLIII11 :t-.~1= 

C-1 Fll 
C-2 Fll 

C-3 FUJI -
IIH 

~H- I[HI_O .. 
!C-2· 'I MIV. 

[C-'3 I I MIV, -

PI-II=N, 11 

C-1 111 

:-2 
:-3·1 Ill 

. 
\~I 

1:1 I I('IQ, ,_CI'IC 

C-1 PYRENE 
'C-2 PYRENE 

r ~\. lf\1TI 

:-1 ChH 
lf\1T• 

760.00 5.10 420.00 560.00 . 390.00 
150.00 
140.00 
170.00 

. ~ 

12.00 170.00 . 130.00 99.00 
12.00 200.00 110.00 120.00 
26.oo 1so.oo 14o.oo 11 o.oo 
~ 31.00 ~ ~ 

15.00 
46.00 
~ 

-N: 
9.20 
~ 
JID 

1.6o 8.8o 8.8o -11-:oo 
5.70 26.00 38.00 41.00 

. ~ ~ -~ ~ 

N: N: ~ N[ 

. ~ . 8.80 11.00 3.30 
··. ---~- -~ 13.00 2.20 

-~ ' -~ ·45.01 ?n nn 
- .· N"l . , N: ·- - -l'fl -N -NC 

. 

?<:1 1n 
15.(10 

2.· 16. 27.6 f2.c 
t\ . N 12.C 

.• 1-·.· .- ~~-- ~ 
.. . 1\ . N 

. s :9 
· r-. s :ol 1.20 

~ ~ N s:5o ~:1o 
NO NO NO NO NO 
NO NO .. .. . - NO NO NO 
NO NO NO NO NO 
N NO NO 6.60 7.00 
N NO NO . NO NC 
N NO NO NO 5.00 
N NO NO NO 2.40 
Nl NO NO NO 5.70 

.ENI: NC NO NO NO' 3.40 

~~0(1 ?~~~--i-~~~--7~:+---~~~-~~~~~ 
• b\ and (1<\ · 'comb. 

1\JII\L.. 1, PAH:i 1~nn nnr 65.001 1000.00 1100.00 ao:n nn 

C.B. Henry, lnst. for Environmental Studies, LSU phone (504) 388-8521 



KUWAIT PROJECT: AH QUANT. REPORT FINAL REPORT 

0 

AIR . AIR AIR AIR AIR 
SAMPLE 10: K17 K18 K19. K20 K21 

GC/MS TARGET ngtM3** ng/M3** ng/M3** ng/M3** ng/M3 .. 

COMPOUND 
NAPHTHALENE 180.00 350.00 39.001 21.00 50.00 
C-1 NAPHTHALENE 96.00 420.00 360.00 27.00 60.00 
C-2 NAPHTHALENE 54.00 520.00 390.00 21.00 47.00 
C-3 NAPHTHALENE 33.00 380.00 240.00 21.00 73.00 
C-4 NAPHTHALENE 13.00 130.00 140.00 liD liD 
FLUORENE 4.90 16.00 14.00 2.70 9.00 
C-1 FLUORENE 10.00 16.00 31.00 6.70 liD 
C-2 FLUORENE liD 20.00 22.00 liD liD 

. C-3 FLUORENE -- liD 35.00 . 17.00 liD liD 
DIBENZOTHIOPHENE 3.10 .29.00 21.00 0.98 3.60 
C-1 DIBENZOTHIO .. ·. 4.90 . 88,o.o 49,00 j .40: liD 
C-2 DIBENZOTHIO. 8.00 . . .. . 40;00. . . 57.00 2.40 .liD . 

. C-3 DIBENZO"FHIO. - • h • • ... r-v· · · . ·22.tfo .•. . 38.00 liD liD 
PHENANTHRENE 10.00 38.00 24.00 3AO 18.00 
C-1 PHENANTHRENE 3.60 . 35.00 ... 30.00 1-.70 9.00 
C-2 PHENANTHRENE. . liD 51.00 -28.00 

. . 
liD liD . . . 0 

C-3. PHENANTHRENE ND. 20;00 . .. ND. liD ND 
ANTHRACENE liD 3.60 1.80 0.37 3AO 
FLUORANTHENE 3.30 7.10 7.20 1.20 9.50 
PYRENE 3.00 5.70 6.90 1.00 14.00 
C-1 PYRENE ND NO NO ND . ND 
C-2 PYRENE NO ND NO . ND ND 
BENZO(a)ANTHRACENE ND ND ND ND ND 
CHRYSENE 2.30 4.40 4.70 0.72 7.00 
C-1 CHRYSENE ND ND ND ND ND 
BENZO(b)FLUORANT. * 2.50 7.60 9.00 1.30 15.00 
BENZO(e)PYRENE 1.80 5;1 0 5.80 1.20 12.00 
BENZO(alPYRENE 1.40 3.60 2.00 0.50 11.00 
PERYLENE 0.70 ND ND 0.38 3.70 
INDEN0(1 ,2,3-cd)PYR. ND 5.50 liD ND liD 
DIBENZO(a,h)ANTHR. ND ND ND ND ND 
• (bl and (kl isomers comb. 

TOTAL TARGET PAH: 440.00 2300~00 1500.00 120.00 350.00 

C.B. Henry, lnst. for Environmental Studies, LSU phone (504) 388-8521 



KUWAIT PROJECT: AH QUANT. REPORT FINAL REPORT 

CJ 
SEDIMENT SEDIMENT SEDIMENT SEDIMENT SEDIMENT 

SAMPLE 10: K51 K52 K53 K54 K55 

GC/MS TARGET u!lfg u!lfg ug/g u!lfg . u!lfg 
COMPOUND 

NAPHTHALENE f\0 f\0 f\0 f\0 f\0 
C-1 NAPHTHALENE f\0 f\0 f\0 f\0 f\0 
C-2 NAPHTHALENE f\0 f\0 f\0 f\0 f\0 
C-3 NAPHTHALENE N) f\0 f\0 f\0 N) 

C-4 NAPHTHALENE ~D f\0 f\0 f\0 f\0 
FLUORENE f\0 f\0 f\0 f\0 f\0 
C-1 FLUORENE f\0 f\0 f\0 f\0 .. f\0 
C-2 FLUORENE f\0 JIO f\0 . 0.100 f\0 
C-3 FLUORENE f\0 f\0 0.680 0.590 N) 

DIBENZOTHIOPHENE N) 0.016 0.036 0.023 f\0 
C-t.DIBENZOTHIO. · 0.089 0.190 0.410 0;31 0 0.014 
C-2 DIBENZOTHIO. 0.650 1.200 2.700 2.200 . . 0.17.0 

·. C·3 DIBENZOTHIO.· · -· .. ·1.400 3.100 6.900 5.700 . 

0.420 
PHENANTHRENE 0.021 0.028 0.052 0.034 0.000 

0 
C-1 PHENANTHRENE 0.083 0.160 0.360 0.290 . 0.020 
C:2 PHENANTHRENE .. . 0.27.0 . 0.560 . 1.300 0.990 . 0;065 . 
C-3 PHENAN:rHRENE 0.360 0.990 2.200. 1.600 0.160 
ANTHRACENE . N) f\0 0.004 f\0 f\0 
FLUORANTHENE 0.036 0.068 0.160 0.099 0.011 
PYRENE 0.044 0.085 0.200 0.140 0.013 
C-1 PYRENE 0.023 0.150 0.320 . 0.220. 0.017 
C-2 PYRENE 0.160 0.350 0.790 . 00450. 0.052. 
BENZO(a)ANTHRACENE 0.013 0.024 0.063 0.031 0.012 
CHRYSENE 0.054 0.082 0.170 0.098 0.028 
C-1 CHRYSENE 0.076 0.210 0.340 0.170 0.028 
BENZO(b FLUORANT.• 0.012 0.027 0.046 0.025 0.027 
BENZO(e PYRENE 0.022 0.016 0.033 0.017 0.023 
BENZO(a PYRENE 0.011 0.012 0.028 0.012 0.014 
PERYLENE f\0 0.001 0.030 0.006 0.032 
INDEN0(1 ,2,3-cd)PYR. NO NO 0.009 0.019 NO 
DIBENZO(a,h)ANTHR. NO ND 0.001 NO 0.009 
• (b) and (k) isomers comb. 

TOTAL TARGET PAH: 3.300 7.300 17.000 13.000 1.100 

C.B. Henry, In st. for Environmental Studies, LSU phone (504) 388-8521 



KUWAIT PROJECT: AH QUANT. REPORT FINAL REPORT 

SEDIMENT SEDIMENT OIL OIL 
SAMPLEID: K56 K56_{d~ K71 N1183·1 

GC/MS TARGET ug/g ug/g ug/g ug/g 
COMPOUND 

NAPHTHALENE 1\0 1\0 3.500 210.000 
C-1 NAPHTHALENE 1\0 1\0 91.000 1400.000 
C-2 NAPHTHALENE 1\0 1\0 780.000 3500.000 
C-3 NAPHTHALENE 1\0 1\0 1500.000 4300.000 
C-4 NAPHTHALENE 1\0 1\0 1300.000 2900.000 
FLUORENE 1\0 1\0 47.000 11 0.000 
C-1 FLUORENE 1\0 1\0 170.000 330.000 
C-2 FLUORENE 1\0 1\0 390.000 780.000 
C-3 FLUORENE 0.068 1\0 . 640.000 1200.000 
DIBENZOTHIOPHENE 1\0 1\0 :j 60.000 350.000 
C-1 DIBENZOTHIO. 0.023 1\0 . 620.000 1600.00.0 -
C~2 DIBENZOTHIO. 0.260 0.160 1700.000 3500.000 

. C-3 DIBENZOTHIO. - . 0.843 - . 0.660 . 230-<LO~O- . 4200.1)00 . 
PHENANTHRENE 1\0 1\0 110.000 210.000 
C-1 PHENANTHRENE 0.025 0.012 400.000 .. 730.000 
C-2 PHENANTHRENE - 0.130 .0.076 630.000 ·. 1.200.000 

C) 
c-s· PHENANTHRENE 0.210 o.o-6t 670.000- 1200.000. .. ·- .· 

ANTHRACENE. 1\0 1\0 1.200 3.600 
FLUORANTHENE 0.015 1\0 2.300 7.800 
PYRENE 0.010 1\0 10.000 16.000 
C-1 PYRENE 1\0 0.026 67.000 100.000 
C-2 PYRENE 0.071 0.057 150.000 .. 200.000 . 
BENZOt~ANTHRACENE 0.007 1\0 15.000 0.440 
CHRYSENE 0.054 0.036 22.000 28.000 
C-1 CHRYSENE 0.180 0.099 79.000 0.260 
BENZO~FLUORANT.* 0.018 0.016 6.600 5.400 
BENZO~PYRENE 0.021 0.013 7.400 5.600 
BENZO(aiPYRENE 0.010 0.009 4.100 2.500 
PERYLENE 1\0 1\0. 2.200 1.200 
INDEN0(1,2,3-cdlPYR. 1\0 1\0 1\0 1\0 
DIBENZO(a,h)ANTHR. 1\0 1\0 1\0 1\0 
• (b) and (k) isomers comb. 

TOTAL TARGET PAH: 2.000 1.200 12000.000 28000.000 

C.B. Henry, lnst. for Environmental Studies, LSU phone (504) 388-8521 
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DATE: September 19,1991 

TO: Charlie Henry, RA IV, Institute for Environmental Studies 

~~ 
FRCM: M. Michelle Mayfield, LA I, Institute for Environmental Studies 

RE: Kuwait sediment residual oil weights 

. Below are the residual oil weights for the· Kuwait sedime~_ts as. requested. 
· Six samples and erie duplicate. sample were analyzed. High percentages· of 
residual-oil (.7 to almost 6%) were .seen as. expected fromtliese • • · · 

. highly .. contaminated. soils. . . . 
.... : ·-- . ~ . -.. -·· . -· .. 

. .. 

FIELD 10 · rna OIL/•. ' : .-

·asAMPLE ·. 
K51' 7.4 
K52 32 
K53 56 
K54 22.0* 
K55 8.2 
K56 11 

K56DUP 9 

*Semiquantitative value due to lab accident. Actual value higher. 
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SULTANATE OF OMAN u'~---'~'~ ~z--~;~h~'--··~, 
Ministry of Water Resources 

. No. : MWR/WAS/26-5/627/47]/91 

Date 9 November 1991 

Arabian Gulf Program Office 
NOAA 
14th Constitution Ave. NW 
Rm. 5128 
Washington D.C. 20230 
u.s.A. 

Attn: Mr. John H. Robinson, Chief 
Hazardous Materials Response Branch 

After Complilnents, 

Sub: Rainfall Samples - Hydrocarbon Analyses 

J:n response to your discussion 
pollution caused by Kuwait oil 
Resources has taken 3 samples 
analyses. 

·with Don · Davison, concerning 
fires, the Ministry of Water 
of rainfall for hydrocarbon 

Attached are copies of Analytical Data Reporting Forms with lab 
analysis results from rainfall samples taken in Oman since March 
1991. The Total Hydrocarbon is expressed in micrograms jliter. 

I trust these samples will provide some information as to the 
extent of the effects of the oil fires. The people in this part 
of the world are thankful that the fires have now been 
extinguished. 

If you have any questions concerning these data, feel free to 
contact me. 

Best regards, 

W~t,1.::. 
Wayne c. curry 
Director, surface Wa: r Department 

P.O. Box 5575 Ruwi f.!J.J cove"":"·~ 

V·~ootjY·roor ~~ 

MWRONnr~: ~ 

(~I.NI~j..JJI)V•\O\O_(~I.JJj...!:lljY·\VA't' : ...,...Sli 

Tel. 703552/703553 

Telex 3629 MWR ON 

Fax 7057821Technical} -701515 (Admin) 



ANATE OF OMAN 
Ministry of Water ResourcC> 

Waler Qua lily Laboralory 
Tel. 561905/561914 

At..nruDE ~ 
/00111, (i\.+&1) 

ANALYTICAL DATA REPORTING FORM U.rgw!: ... 
LABORATORY JOB No. L~~/2[q"}i(.tJ 

/{ Hir.5 tr:/3 TOW 7J ,€..M1 rt.J..i./ 
SITE NUMBER liD P lz.l'113! I 1&-I?IE!J', 
fzr.•o'0 1

'M7'1N / MWI.>~'"'-Jt"' 
.j! Sampling dato ln. t~ I lc I :~I §IT] ls,• 14-' Z.I"E/f"lmo I I · I I llc.L...so.f, 

d d m m y y • 1a().)V\. 

Source 0 

Requestod by ••.... ~.g .. ~ .. ~.i3...... Somplod by .... &!::.~ .... k:./ru.~~.i· .... :.::."J Return Resu/Js to •... ~.: . .i:!L: ... ~.f?.?:: ........... . 
: ; 

Field A~alysis : Condudanco ITT I I I microS,/ em. Tomp. rn . 0 'c p; rn . rn Un~s 
Somp/o Volumo [Lffi c? J 'm.J. Surlaco water: /low rato []_LO Lis Gouge Hc~htl I I I I . j I I I m 

Ground Wator: Water Level C::l-r-rJ · rrn m Pumping rote n-n lis 
'•" --L.J - -

\til 

Hours pump~d rn hoUrs rn mins. Region .. D 
~ 1.l p.~ ~ec ·~a 

hlclyso Rcquuc<i 0 Complete 0 Partial · 0 Special 

l t f; M.llt4.. Commcnls .... 111 .... ... . .... !l.L ........ ~.~.c;..J{I?J.-.1,1;. ,;. ... P..h,., .. ..,~.-!-:'1:'t-:;·· ........ _qff... ... 
. 77' ' • z. In ,_ 

Req. Cons-tituent 
Value meA= Value meiL= 
mg!L mg/LX Req. Constiluent mg/, mg(LX 

1--- . .. . pH (Unls). --~.f2_9_ "' Tot. Hardnoss, Ca COl s.o. 0.0200( 
Tot. Alkalin. Ca co, _'fS..:::.. 0.0200 

., 
Calcium Hardne:;s, Ca CO:J ,Qff 0.0200 

Carb. Alkalin .. Coco, 0.0200 / Mngn. HardnOss, Ca CO:~ 22. 0.0200 

) 

Bic01b. A/kolin., Caco, 0.0200 / Ca.lcium, Ca ++ II 0.04990 
Hyd. Alkalin .. CoCO, 0.0200 / Mo:~gnosium, Mg++ ~ 0.08229 

_!:heno!ph. Alkalin .. CaC~ 0.0200 "' Sodiurl}.. Nn+ \'1;·- 0,04350 -- --····-
·' Conductance, (microS/em.) ,!ZL~:~-- / Potossium. K+ ';2..-0 0.02556 --;- ---- ·-··--

Chbride, CJ --~?.-__ 0.0282! Boron, B 0.02775 ---- ------·--·-----· ----- -· _ .. _ .. 8_ .. _ 

/ Supnote, so;- IS . 0.02082 Solublo Iron, Fe 0,0358! . 
f ,F.Iuoride, F <a,C' I 0.0526~ Solublo Manganoso, Mn 0.03640 

Bromide, Br 0.01252. M!QIJ aar~pco (%orrqr) ::.8. .. 2-.7. 
/ Ni!rato Nitrogen, No,. N ~Q~--:f4- 0.0714 Sodium Absorbtion. Ratio . l· 1/ 

Nitrilo Narogen, NO, • N . 0.07!4 ·Sodium Equivalent Ratio f./.2. r-r 
Ammonia Nitrogen, NH; • N 0.0714 T o(o.l W.. O"Y<>«>• \, <> ". I~. tl6.u.<>. lf.,.l-

"' Total Phosphato: ?5-;. P 0·11 '1.:.. 
,v 

0.03!6 

Orthophosphato,' p5;. P 0.03!6 
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date: March 29, 1991 

to: John B. Stewart 
Director, Office of Foreign Intelligence 
U.S. Department of Energy 

from: Dennis Engi 
Strategic Technologies Division, 660 I 

·Sandia National laboratories 
Albuquerque, New Me)f;ico 87185 

subject: Assessment of Effects on Human Health from Kuwaiti Oil Field Fires 

Introduction 

The certainty of long-term smoke emissions (possibly one to two years based on 
estimates by well-control experts) from burning Kuwaiti oil wells has increased 
concerns regarding personnel exposure and acute and chronic health effects. Before 
the war, environmental scientists could only roughly estimate possible adverse 
environmental effects using pollutant dispersion models and limited source-term 
data. These estimates, though credible, had to be regarded with circumspection. 
Now, two complementary approaches to improved assessments of health effects can 
be taken. First, pollutants Cf'il be measured at various sites in the regions where \J 
exposure levels and health effects need to be assessed. This approach is currently 
being pursued by a contingent of the EPA. Second, with known numbers and 
locations of burning wells, better assessments of exposure levels can be made using 
pollutant dispersion models. Exposure levels from both approaches can be 
compared and used with known dose-response relationships to estimate short-term 
and long-term health effects. This.memo describes follow-on efforts to the pre-war 
modeling studies of the threat to exposed populations. Estimates of the ground-
level concentrations for pollutants with potentially adverse effects on health have 
been made using an improved (two-dimensional, multi-source) dispersion model 
and the best data available to assess both short-term and long-term effects on 
exposed populations. · 

Background 

Before the ignition of the Kuwaiti fields, SNL provided preliminary estimates of 
regional toxicological threats for a number of well-burning scenarios in Sandia 
Report, SAND91-0184, Potential Impacts of lr(lqi .Use of Oil as a Defensive Weapon. 
Burning wells in each of three principal production areas (Southeast, West, and 
North fields) were modeled as line sources oriented normal to the expected wind 
direction. Expected ground-level concentrationS of NO"' S02, CO, and soot were 
calculated at distances ranging from 1 to 100 kilometers downwind from each line ~ 
source. Major p_opulation centers were not expected to be affected by the pollutants 
even for the worst-case scenario (a total of 720 wells ignited). Where some impact 



-o 

,J 

appeared possible (in the vicinity of the Southeastern fields), no acute health effects 
were expected, except within a small sensitive population (infants, elderly, 
asthmatics) susceptible to S02 and soot.- No computer calculations of exposure 
levels for representative volatile organic compounds (VOCs) and polynuclear 
aromatic compounds (PNAs) were made because their concentrations were 
expected to be too low to cause adverse health effects. 

Multi-Source Dispersion Calculations 

Dispersion Model 

The Industrial Source Complex Short Term Dispersion Model was used to compute . 
downwind ground-level concentration isopleths for pollutants (NO"' S02, CO, soot, 
benzene vapor, and benzo(a)pyrene vapor) generated by 516 burning wells in eight 
fields in the principal oil production areas. This model is widely used in the U.S; to 
a.Ssess the effects of pollutants on local air quality. The model assumes that the 
downwind spread of a plume in both the horizontal and vertical directions behaves 
in a Gaussian manner that can be parameterized by dispersion coefficients that 
increase with downwind distance from the source. Values for the dispersion 
coefficients (standard deviations of plume width) are determined by direct 
meteorological measurements such as wind speed, the mixing depth of the 
atmosphere, and the temperature-altitude structure of the atmosphere. Input data 
can be obtained from routine measurements at a weather station in the locale of 
interest. Most useful in this analysis is the model's ability to account for multiple 
SOUrCeS simultaneously SO that the expOSlJ+e level calculated for a specified pollutant 
at any given location is that from all sources. 

Inputs 

Two types of input to the model are nee_ded to obtain reasonable estimates of 
pollutant concentrations : 

• Source information, including realistic estimates of source location, size, 
oil blowout rate, plume injection height, and pollutant production rate, 

• Meteorological information for the region of interest, including surface 
temperature, Pasquill stability category, wind speed and direction, and 
mixing height. 

Source Information 

'"J Source location and size • Fields with burning wells and the number of these wells 
have been identified. The size (areal extent) of each oil field was approximated 
using satellite photos of the region. All fields are assumed to be 10 km on a side. A 



map of Kuwait showing the locations of thiS eight oil fields with burning wells and 
the location of the densely populated Kuwait Oty area is shown in Figure 1. 
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Figure 1. Lo!=ations of Burning Fields and Principal Population Center. 

Oi! blowout rate - The rate is dependent on many factors, including wellhead 
pressure, size· of the well, extent of damage to plumbing, and inter-well pressure 
effectS. Pre-war information provided by Kuwaiti engineers regarding well pressure, 
well size, subterranean geological formation, etc., was used in previous analyses to 
calculate expected oil blowout rates for completely breached wellheads. Because no 
new information is available, the blowout rates used here are unchanged from those 
in the pre-w~ _calculations. 

Plume jnjectjon beiibt ·- Earlier calculations of buoyant rise of the smoke plume 
gave injection heights of about 200 to 450 meters for most wells in the affected oil 
fields. An average plume injection height of 300 meters is used for these 
calculations. 

'"-
~ 

Pollutant emission factors - The emission factor for a pollutant is the mass of the . =) 
pollutant that is released per unit mass of crude oil burned. An emission factor of 
0.01 for nitrogen oxides would release 1 kilogram of NOx for every 100 kilograms of 
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oil consumed. The values used for the pollutants examined in this analysis are 
·based on work for the Nuclear Winter Source-Term Measurement Program on 
aviation fuel pool fires. Because there are few data for actual crude oil fires, these 
values are the best estimates at this time. The emission factor for each pollutant 
likely to cause adverse short-term or long-term health effects was used to calculate a 
total release rate for that pollutant for each affected oil field. Table 1 shows that 
the three southeastern fields (Al Burgan, Al Ahmadi, Al Magwa) have the highest 
release rates. 

Table L Pollutant Release Rates 

Oil Field NOx so2 co Soot Beazeae Benzopyrene 
(g/sfm2) (g/s/m2) (g/s/m2) (g/sfm2) {pg/s/m2) U.s/s/m2) 

Ar Rawdatayn 9.98E-05 4.99E-04 S.S9E-OS S.99E-04 6.49E-+OO. 9.98E-03 
AI Sabiriyah 1.S9E·OS 379E-04 4.2SE-OS 4.SSE-04 4.93E+OO 7.S9E-03 
AI Magwa l.S3E-o4·. · 7.67E-04 8.S9E-OS 9.20E-04 9.97E+OO l.S3E-02 
AI Ahmadi l.S6E-04 7.79E-04 8.73E-OS 9.3SE-04 l.OlE+Ol l.S6E-02 
AI Burgan 4.S2E-04 2.26E-03 2.S3E-04 2.71E-03 2.94E+Ol 4.52E-02 
AI Managish 3.13E-05 1.57E-04 1.1SE-OS 1.88E-04 2.03E-+OO 3.13E-03 
Umm Qudayr 1.60E-OS 7.98E-05 8.94E-06 9.S1E-OS t.04E+<lo 1.60E·03 
AI Wafra 1.02E-OS S.llE-05 S.72E-06 6.13E-OS 6.64E-Ol l.O::E-03 

Emission Factors: NOx • 0.0 I; S02 • 0.05; CO • 5.6E-03; Soot • 0.06; 
Benzene • 6.SE-04; Benzo(a)pyrene • I E-06 

Meteorological Information 

Although the model can accept hourly meteorological data for an entire year, such 
data arc not available for the region. Consequently, 10-ycar climatological 
summaries of meteorological data from Kuwait City airport have been used to 
provide a single average daytime (3PM Kuwait time) and a single average nighttime 
(3AM Kuwait time) summary for each month. The resulting set of data applies to 
24 discrete meteorological periods (Table 2) for which the model calculates 
downwind pollutant concentrations. Specific meteorological parameters required 
for each period are discussed below. 

·Surface temperatures - These data are taken directly from the climatological 
summaries. 

Pasquill stability category • This parameter characterizes the temperature-altitude 
structure, which affects the degree of vertical mixing in the plume. For these 
calculations, the daytime category selected is unstable (A} and the nighttime 
category selected is stable (D). · 
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Wind speed and djrectjon - These data are taken directly from the climatological 
summary and, as indicated above, provide an average daytime and nighttime speed 
and direction for each month. Note that. the average wind direction is relatively 
constant throughout the year. Winds are typically from the northwest with little 
variation. 

Mixin~ hei~ht - This parameter characterizes the height of the mixed layer into 
which the plume in injected. Atmospheric mixing-height data for each of the 24 
periods were t;~ken from a 10-year summary of atmospheric inversion data that 
excluded surface inversions. Surface inversions were excluded because the heat 
content of these plumes is considered to be great enough to penetrate any shallow 
surface inversion. Mixing heights (median inversion heights) in the Kuwaiti region 
range from a minimum of 800 meters during the winter season to a maximum of 
4800 meters during the summer months. 

Table 2 • . Kuwait City Airport Ten-year Climatological Summary 
A•& A•& Af& A•& Flow Median 

Period Temp Press Wspeed Wdlr Vector• Inhtb 
Month Time (C) (mbar) (m/s) (De g) (De g) (m) 

Jan 0300 9.4 1013.? 2.5 11.0 191.0 800 J 
Jan 1500 17.5 1013.0 5.3 326.0 146.0 1000 
Feb 0300 11.3 1011.8 2.5 11.0 191.0 1200 
Feb 1500 20.0 1010.7 5.7 326.0 146.0 1200 
Mar 0300 15.4 1008.1 2.9 11.0 191.0 1000 
Mar 1500 24.3 1007.4 5.9 326.0 146.0 1600 
Apr 0300 21.5 1004.9 3.0 11.0 191.0 1000 
Apr 1500 31.3 1004.8 6.0 . 349.0 169.0 2000 
May 0300 27.1 1001.6 3.3 Jl.O 191.0 1200 
May 1500 37.9 1001.6 6.6 349.0 169.0 2200 
Jun 0300 30.8 996.2 4.5 326.0 146.0 2000 
Jun 1500 42.6 995.9 8.2 349.0 169.0 . 3800 
Jul 0300 32.8 992.8 3.7 326.0 146.0 3400 
Jul. 1500 44.9 992.2 1.5 349.0 169.0 4800 
Aug 0300 31.9 993.9 3.3 11.0 191.0 2000 
Aug 1500 43.6 993.7 7.2 326.0 146.0 4400 
Sep 0300 27.6 999.9 2.2 11.0 191.0 3800 
Sep 1500 41.0 999.6 5.1 349.0 169.0 4800 
Oct 0300 22.4 1006.6 2.4 11.0 191.0 1200 
Oct 1500 34.3 1006.1 5.5 349.0 169.0 1800 
Nov 0300 16.5 1011.5 2.7 11.0 191.0 1000 
Nov 1500 25.7 1010.7 5.5 349.0 169.0 1200 
Dec 0300 10.7 1013.9 2.3 11.0 191.0 800 

,) Dec 1500 19.1 1012.8 5.2 326.0 146.0 1000 
a 180 deg from the wind direction 
bMedian inversion heights exclude surface-based inversions. 
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Results 

Results of computations are given as downwind, ground-level concentration 
isopleths in Figures 2 to 8. The pollutants analyzed include nitrogen oxides (NOx = 
NO:, NO), sulfur dioxide (SO:), carbon monoxide (CO), particulates (soot), VOCs 
(benzene), and PNAs (benzo(a)pyrene). Figures 2 through 4 show the second 
highest hourly concentration levels obtained for NO"' S02, CO, and soot during the 
24 meteorological periods treated by the model. The highest hourly concentration 
levels are treated as umepresentative and are discarded. Second highest hourly 
concentration levels represent short-term levels and are used as acute exposure 
levels. Figures 6 through 8 show average concentrations for soot, benzene, and 
benzo(a)pyrene averaged over all 24 periods examined by the model. These 
isopleths represent long-term, or chronic, exposure levels. In all cases, the highest 
exposure levels are immediately downwind of the A1 Magwa, A1 Ahmadi, and A1 
Burgan fields. This is not surprising because these oil fields have the highest 
wellhead pressures and the largest number of burning wells (70% of the total). 

Nitrogen oxide levels (Figure 2) include nitric oxide (NO) and nitrogen dioxide 
(NO:)- Although most of the NOx produced at the wellhead is NO, some fraction 
(about 25%) reacts with ambient oxygen to form NO:. The rate of this reaction is 
proportional to r~e square of the NO concentration, so a high rate of conversic.n of 
NO to NO: occurs when the NO concentration is high. However, when the NO 
concentration falls as a result of plume dilution, this reaction pathway ceases to 
contribute to NO: formation. The highest NO:x level in the model calculations is 
520 l'g m·a (computed as NO:)- Assuming conservatively that 25% is NO:, then 
hourly average levels of about 250 l'g m·a of NO and 130 l'g m·a of NO: would be 
expected in the region of high-level exposure southeast of the AI Burgan field. 
Levels along the more heavily populated coastal area would be lower by about a 
factor of two, and levels in the region of Kuwait City would be lower by about a 
factor of five. Ozone formation and ozone reactions with the nitrogen oxides are 
not examined in this analysis. 

Hourly average sulfur dioxide levels (Figure 3) are among the highest encountered 
for any of the pollutants examined (Kuwaiti oil has a sulfur content near 2.5%). The 
SO: emission factor (0.05) and resultant downwind concentrations are 
correspondingly higher than those observed for NO:x (emission factor = 0.01). The 
highest level is about 2,200 1'8 m·a and occurs immediately southeast of the AI 
Burgan field. Levels drop off to about 1,000 l'g m·a along the gulf coastal areas and 
to about 300 l'g m·a in the region of Kuwait City. 

Carbon monoxide levels are low in all areas (the emission factor for CO in these 
crude oil fires is about one-tenth that for S02). Background CO levels for clean air 
are typically about 100 l'g rn-a. Most of the downwind CO levels (Figure 4) are no 
more than a factor of two or three greater than the background level. 
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Figure 2. Downwind Ground-level Concentration Isoplcths for NO,. Released 
from Buming Kuwaiti Oil Fields. The plot depicts the second highest 
hourly values in 1'8 m-s (as N02) calculatedusing a multi-source 
dispersion model run for 24 1-hour periods that represent average day 
and night meteorological conditions for each month. Contour interval is 
80 1'8 m-s. 
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Figure 3. Downwind Ground-level Concentration Isopleths for S02 Released 
from Burning Kuwaiti Oil Fields. The plot depicts the second highest 
hiiurly values in l'g m-s calculated using a multi-source dispersion model 
run for 24 1-hour periods that represent average day and night 
meteorological conditions for each month. Contour interval iS 
400 l'gm-s. 
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Figure 4. Downwind Ground-level Concentration Isopletbs for CO Released from 
Burning Kuwaiti Oil Fields. The plot depicts the second highest hourly 
values in p.g m·3 calculated using a multi-source dispersion model run 
for 24 1-hour periods that represent average day and night 
meteorological conditions for each month. Contour interval is 
40 p.g m-3. 
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Acute exposure levels for soot are shown as second highest hourly concentrations in 
the 3-D surface plot of Figure 5, and chronic exposure levels for soot are shown as 
annual average concentration isopleths in Figure 6. Hourly average values arc in 
excess of 1,600 p.g m·3 immediately southeast of the AI Burgan field and drop to 800 
to 1,000 p.g m-3 range ncar the Kuwait-Saudi border and along the gulf coastal 
region. Annual average soot levels, as shown in Figure 6, are lower than the second 
highest hourly values by about a factor of five. 

Benzene is a typical VOC and is used here to represent this class of compounds. 
The benzene emission factor ( -7 x 10·•) was estimated in earlier SNL work 
involving smoke samples collected from large aviation fuel pool fires. Downwind 
annual average concentrations of benzene (Figure 7) range from a low of< 1 p.g m·3 
ncar the northern oil fields of Ar Rawdatayn and AI Sabiriyah to a high of about 9 
p.g m·3 southeast of the AI Burgan field. 

Benzo(a)pyrene is a typical PNA and is representative of the whole class of similar 
compounds many of which are either suspected or confirmed carcinogens. Emission 
factors for benzo(a)pyrenc in crude oil or aviation pool fires are not well defined; so 
a value of 1 x 10·• (obtained from published data on smoke samples collected from 
burning refuse piles) was us"d to provide an upper bound. Downwind exposur' 
levels (Figure 8) range from a low of < 1 ng m·3 in the north to a high of about > 12 
ng m·3 near the AI Burgan field. 

Table 3 summarizes the hourly or annual average concentrations of pollutants that 
would be expected in the populated coastal region east of the AI Burgan field and in 
the vicinity of Kuwait City and, for comparison, lists typical values for these 
pollutants in urban areas of the U.S. In comparison to urban regions of the U.S., 
populated regions of Kuwait arc likely to experience higher levels of S02 and soot 

Table 3. Comparison of Expected Hourly or Annual Average Concentrations of 
Selected Pollutants in Populated Areas of Kuwait with Levels Measured 
in Typical Urban Areas orthe U.S. 

Coaceatratioa Lenis (I'B m·l) 

Average 
Species Type Coastal Areas Kuwait City· Urbau U.S. 

NO Hourly 175 40 S0-750 
N02 Hourly 90 20 S0-250 
so2 Hourly 1,100 300 20-200 
co Hourly 180 40 1,000-10,000 
Soot Annual 180 80 10-30 
Benzene Annual 3 I 40-1,000 
Benzo(a)Pyrene Annual SE-03 IE-03 2E-03 to IE-02 
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Figure 5. Three dimensional Surface Plot of Soot Concentrations Released from 
Burnirig Kuwaiti Oil Fields. The plot depicts the second highest hourly 
values in pg m·3 calculated using a multi-source dispersion model run 
for 24 l·hour periods that represent average day and night 
meteorological conditions for each month. The viewer perspective is 
from the southwest. The grid shown is the same as that depicted in the 
map shown in Figure 1. Kuwait City is located at the grid point 
X=l50km, Y=l50 km. 
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Figure 6. Downwind Ground-level Concentration Isopleths for Soot Released 
from Burning Kuwaiti Oil Fields. The plot depicts an annual average 
concentration in p.g m-s calculated using a multi-source dispersion 
model run for 24 1-hour periods that represent average day and night 
meteorological conditions for each month. Contour interval is 
40 p.g m-s. 
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and night meteorological conditions for each month. Contour interval is 
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Figure 8. Downwind Ground-level Concentration Isopleths for Benzo(a)pyrene 
Vapors Released from Burning Kuwaiti Oil Fields. The plot depicts an 
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dispersion model run for 24 1-hour periods that represent average day 
and night meteorological conditions for each month. Contour intetval is 
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Recommendations for Further Work 

Now that access io the Kuwaiti oil fields is possible, there is opportunity to do 
experiments that will 

• Generate actual concentration isopleths (and, collaterally, help to validate 
source-term/ dispersion models), 

• Establish legally unimpeachable exposure levels, and 

• Explore means to alter the smoke plume so as to mitigate adverse health 
effects, 

• Improve understanding of smoke source terms in oil well fires, 

• Provide a well-characterized smoke environment in which to test the 
performance of military systems. 

A data acquisition program should be carried out to measure pollutant 
concentrations at various locations and times in order to generate actual 
concentration isopleihs that will provide a ~ealistic picture of exposure hazards in 
£he region. The program should be carefully designed and should take advantage of 
state-of-the-art instrumentation and sampling techniques. 

Exposure levels should be carefully documented because the documentation may be 
especially useful should litigation arise from claims from military or U.S. civilian 
personnel exposed to oil fire smoke. The scientific uncertainties surrounding the 
nature and extent of exposure of personnel, as was the case with Agent Orange in 
Vietnam, should not be repeated. 

Experiments should be done in conjunction with computer calculations of oil 
combustion to determine the feasibility and practicality of adding materials to the 
well fire that would alter the chemical composition or the dynamics of the plume so 
as to reduce the health hazard. 

It should no longer be necessary to rely on estimates of oil blowout rates and 
pollutant emission factors. Insofar as possible, these quantities should be measured. 
Physical methods should be investigated to measure remotely the oil blowout rates 
at breached wellheads. Techniques using overhead doppler radar and ground-based 
passive thermal measurements of burning wellheads may be successfully developed 
to measure these rates. Measurements can be made using an instrumented aircraft 
platform and a technique known as the carbon balance method for determining ·~ 
emission factors. The availability of carefully measured emission factors for 
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pollutants in crude oil smoke would promote greater confidence in the results of 
dispersion model calculations. 

Optically thick, well-characterized plumes could be used for realistic tests of various. 
military targeting and tracking systems. 
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STATUS REPORT OF PUBLIC HEALTH IN KUWAIT 
AS OF MARCH 21, 1991 

Prepared by Johns. Andrews, Jr., M.D., 
Associate Administrator for 
Agency for Toxic Substances 

M.P.H. 
Science 
and Disease Registry 

I • Background 

I was attached to the Kuwait T.ask Force (KTF) of the U.s. 
Army's 352nd civil Affairs Command beginning on January 30, 
1991, to serve as liaison for additional u.s. Public Health 
service personnel who were to be deployed from the United 
States. From January 30 until February 15, I trained with 
the u.s. Army at Fort Meade, Maryland. From February 16 
until February 28, I was in Dammam, Saudi Arabia, working 
with the Kuwait Task Force and Dr. Saleh AL-Kandari from the 
Kuwaiti Ministry of Public ·Health. From March 1 through 
March 21, I was in Kuwait City working with Kuwaitis in the 
Ministry of Public Health {Dr. Jaffar Dawood, Dr. Rached 
AL-owaish, Mr. Ibrahim Hadi). 

Due to the short war, the small number of united States 
casualties, and the small number of civilian casualties, 
u.s. military personnel already in Saudi Arabia or Kuwait 
became available to carry cut public health activities and 
they decrear:ed the need to deploy public health per.sonnel 
from the united States. Mr. Jorge Lambrinos, Chief of Staff 
for Congressman Edward Roybal of California and a member of 
the KTF, and I coordinated public health activities of these 
additional military personnel for the KTF. 

The available public health personnel were divided into teams 
to work with personnel from the Kuwaiti Ministry of Public 
Health. Much- of the· work described- in this report was 
carried out by military personnel or by personnel in the 
Kuwaiti Ministry of Public Health. 

II. Persons Met 

A. Ministry of Public Health - Kuwait 

l. 
2. 

3. 
4. 
s. 
6. 

7. 

Dr. Ali saif, undersecretary fer Public Health 
Dr. Rached AL-Owaish, Director of Department of 

Public Health 
Dr. Jaffar Dawood, Chief :If Preventive,Medicine 
Dr. Saleh AL-Kandari, Inf2ctious Disease 
Dr. Mussab AL-Saleh, Preventive Medicine Physician 
Mr. Ibrahim M. Hadi, Department of Environmental 

Health 
Dr. Ramsey Ishmael, Preventive Medicine Physician 
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B. Vector Control Team 

CDR George Schultz, Navy Forward Medical Laboratory -
Team Leader 

LT Manuel Lluberas, Navy Forward Medical Laboratory 
HMl Burger, Navy Forward Medical Laboratory 
HM1 Richard congo, Navy Forward Medical Laboratory 
CPT craft, Navy Forward Medical Laboratory 
CAPT Steve Leonard, Navy Forward Medical Laboratory 
Sgt Stone, British Army 
Sgt Jones, British Army 

c. PUblic Health Laboratory Team 

CDR Jim Burans, Navy Forward Medical Laboratory - Team 
Leader 

LT Scott Thornton, Navy Forward Medical Laboratory 
HM1 Edna Bory, Navy Forward Medical Laboratory 
HM1 Aveline Cardwell, Navy Forward Medical Laboratory 

D. Public Health Headquarters, Environmental Laboratory, 
Ministry of Municipalities Team 

CDR Mary Anderson, Navy Forward Medical Laboratory - Team 
Leader 

Major John Graham, British Army 
CAPT Steve Wignall, Navy Forward Medical Laboratory 
HM1 McMahon, Navy Forward Medical Labor3tory i\ 
LCOL Jorge Lambrinos, KTF, 352nd civil Affairs Command, ~ 

u.s. Army 
CAPT John Andrews, KTF, 352nd Civ~l Affairs Command, U.S. 

Public Health Service liaison 

III. Public Health Situation Prior to August 2, 1990 

A. Organization. The Department. of Health, . under the 
Minister of Public Health, consisted of five divisions: 
(1) Preventive Medicine, (2) Ports and Borders Health, 
(3) Radiation Protection, (4) Rodent and Medical Insect 
Control, and (5) PUblic Health Laboratories. 

B. The country was divided into five health regions. Each 
region had its "Head of Public Health Office" who 
reported to both .the national Preventive Medicine 
Division and the Director in the region. 

C. The Preventive Medicine Division consisted of three 
units: (1) Unit for Control of Epidemic Diseases, 
(2) Environmental Health Unit, and (3) Nutrition Unit. 
The main function of the Preventive Medicine Division was 
to plan, direct, and control the activities of the 23 
Preventive Medicine Centers located in Kuwait City and 
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D. 

Preventive Medicine Centers located in Kuwait City and 
residential districts (Figure l). These activities 
included the investigation and implementation of health 
regulations to control the spread of epidemic diseases. 
Through a mandatory reporting system, notifications of 
infectious diseases were investigated by the preventive 
medicine centers that were staffed with a preventive 
medicine doctor, two to three health inspectors·, and a 
public health nurse for immunization activity. In 
addition, a preventive medicine center was located in 
each of the general regional hospitals, as well as the 
Hospital for Infectious Diseases and the Maternity 
Hospital. Attached to the Preventive Medicine Division 
was a center for the examination of food handlers. 

Ports and Borders Division 

The Ports and Borders Division was responsible for 
implementation of the international health regulations 
related to land, air, and sea movement; for preventive 
medical activities at the border areas; and for health 
control of arrivals to Kuwait from endemic areas through 

.the International Airport. In addition, the Ports and 
Borders Division was responsible :for the medical 
examination of expatriates for residency permits which 
included the examination for evidence of HIV infection, 
pulmonary tuberculosis, malaria, and leprosy. 

·E. Water 

Prior. to the occupation, 93-97 percent of Kuwait's water 
supply came from desalination plants. The rest of the 
water came from wells. All of Kuwait City was on 
municipal water. Results of drinking water testing for 
September 1989, January 1990, and June 1990 by the 
Environmental Protection council are shown in Table 1. 

F. Food 

1. Food and Food Handler Testing 

Legislation for food control was the responsibility 
of the Ministry of Commerce and the Ministry. of 
PUblic Health. The municipalities were responsible 
for the control of distribution, as well as sampling 
imported :food and the inspection of :food stores and 
shops. The Division of PUblic Health Laboratories 
assisted in.the examination of food and'water and in 
the adoption of The Kuwaiti·Speci:fications for Food. 
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2. Veterinary 

This was done under the Department of Animal Health 
at the Public Authority for Agr~culture and 
Fisheries. 

G. Sewage 

This was the responsibility of the Ministry of Public 
Works. Data on the quality of treated effluent for 
September 1989, and January and June 1990 are shown in 
Table 2. 

H. Environmental 

1. Garbage collection and disposal was the 
responsibility of the Ministry of Municipalities and 
their contractors. 

2. Air quality monitoring was the responsibility of the 
Department of Environmental Protection of the 
Ministry of Public Health. The tables below are 
copied from three monthly reports of the Department 
of Environmental Protection (Environmental 
Protection council). 

The concentration of gases expz;-essed as ppm and ppb /J 
for September 1989, January 1990, an~ June 1990 for . 
Mansoria, Rabia, and Rega is shown in Table 3. 

The distribution of settled dust in grams/square 
meter/day for January and June 1990 for the Shuwailch 
Industrial area, Kuwait City, and Jahra is shown in 
Table 4. 

The concentration of suspended particulate matter in 
daily samples for January and· June 19S~ in 
micrograms per cubic meter for the Schuwailch 
Industrial area, Kuwait City, Shamieh, and Jahra is 
shown in Table 5. 

The size distribution of suspended particulate 
matter for January and June 1990 for the Shuwailch 
Industrial area, Kuwait City, and Shamiah is shown 
in Table 6. 

I. Vector and Rodent Control was the responsibility of the 
Rodent and Insect Control Department of the Ministry of 
Municipalities. 
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J. Disease surveillance 

Disease surveillance in Kuwait covered the occurrence of 
disease and a watch on the risk factors that contribute 
to this occurrence. A list of reportable diseases is 
shown in Table 7. Reported communicable disease for 
1988-1990 are shown on Tables· 8-10, respectively. 

Disease surveillance included active surveillance amongst 
population groups at risk, e.g., the expatriates for 
AIDS, tuberculosis, malaria, and leprosy and food 
handlers and others in high-risk vocations in the 
community. The reporting of disease included active case 
finding and looking at laboratory reports at all 
laboratories, as well as hospital admissions. 

K. Immunizations 

1. 

2. 

3. 

Childhood Immunizations 

The last assessment of immunization in Kuwait (1989) 
showed a very good coverage of basic vaccines in 
infants and children. This reached about 95 percent 
for OPV, OPT, and measles. There were no cases of 
polio, neonatal tetanus, or diphtheria in Kuwait for 
a number of years. Measles control was well on its 
way to succeed "in breaking the every other year 
increase in cases indicating success in the expanded 
program in immunization in Kuwait. The imlDunization 
schedule is shown in Table 11 and the number of 
immunizations given from 1977 through 1990 is shoWn 
in Tables 12-14. 

Hepatitis B Vaccine 

Hepatitis B vaccine was introduced in the Expanded 
Program of Immunization (EPI) ;ft January 1990. The 
first dose of HBV is given the second day of birth: 
the second dose at 3 months of age: and a third dose 
at 6 months of age. 

BCG Immunization 

BCG vaccinations were one of the main functions of 
the TUberculosis Control Unit. The section had four 
tuberculosis control units with static and mobile 
X-ray, tuberculin testing, and BCG. vaccination 
facilities. The units were distributed all over 
Kuwait. The BCG vaccination is conducted by a joint 
effort between the Tuberculosis Control Unit and the 
School Health Division. BCG vaccination is given at 
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the age of 4 years as part of the medical \:) 
examination for school entry. _ 

L. Laborator~es 

1. Public Health.Laboratory 

The Public Health Laboratories under the Division of 
Public Health Laboratories of the Department of 
Public Health, carried out bacteriological, 
chemical, and virological examinations. It examined 
food, water, and sewage, as well as stool samples. 
It was the only laboratory that handled examinations 
of stools for Vibrio cholerae. The Virology 
Laboratory was responsible for all viral disease 
identification, including AIDS and hepatitis. 

2. Environmental Laboratory 

The Environmental Laboratory had sections on air 
pollution, water pollution, occupational exposure, 
and oil. The air pollution program had three fixed 
stations to monitor the air every 5 minutes by 
computer and analyze the data. One mobile 
laboratory went to Iraq. The laboratories also 
could measure dust. The laboratory can also measure 
temperature inversions, noise at the airport, and 
sulfur dioxide pollution from ·cars. 

Wheri the environmental laboratory was working, 
seawater, drinking water, brackish water, and sewage 
were tested. Trihalomethanes were tested in the 
drinking water. Water was tested for total 
alkalinity, total dissolved solids, electrical 
conductivity, sulphates, residual chlorine, Ph, 
hardness, total chloride, and nitrate • 

3 • Nerve Gases 

There was a laboratory to test for nerve gases· 
during the Iran/Iraq war, but it was not felt to be 
sensitive enough to be of much use. 

M. Other 

The overall health status of the Kuwait population (about 
2.1 million) was good, with a life expectancy of about 
70 years and an infant mortality rate as low as 12/1,000. 
Health care was free in a welfare state system. 
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Public Health Situation August 2 - January 15, 1991. 

A. 

B. 

Organization. After the occupation the Iraqis tried to 
interfere with day-to-day operations of the Department of 
Public Health, but were constantly kept in the dark. 
Under the Iraqis, the Ministry of Public Health was 
headed by' an Iraqi Public Health General. The 
organization is shown in Figure 2. The Preventive Health 
and Environmental Control Section was one of the five 
sections under the PUblic Health General. During the 
occupation, the main concern of this section was health 
preservation, not health promotion. Special emphasis was 
given to water quality, immunization, disease reporting, 
and the implementation of control measures, examination 
of all expatriates for AIDS and pulmonary tuberculosis, 
inspection of food and food handlers, garbage collection, 
laboratory testing for food and water. Food handlers and 
contacts of cases of disease were given stool and serum 
examinations. 

Manpower 

The main problem was the continual decrease in manpower 
as workers left the country or stayed inside. Even 
though enough preventive health physicians, community 
nurses, and health inspectors continued to work during 
the occupation. However, they worked fewer days to give 
them the chance to wait in various lonq lines for bread, 
qas, and food. 

Many of the decisions of the Iraqis were revoked and 
simply iqnored, includinq decisions to require preventive 
medicine doctors to work as general practitioners or to 
make changes in the immunization schedule. This was the 

· main reason that the high dropout percentaqe was highest 
amonq senior staff, since jail or death might be the 
punishment for ••1ch _;tion. Some had stayed away from 
the decision-makinq process. Those who stayed to the 
last days were those showinq strong will and courage. 

Because of the war situation and the blockaqe, during the 
first days of occupation, all ports were closed. ~ifty 
to sixty health inspectors with five physicians from the 
Ports and Border Health Department were transferred to 
preventive health centers. Most of them were 
Palestinians. This qave the preventive health centers a 
qood boost, since most of those who used uo work in PHS 
were Eqyptian and many of them left Kuwait gradually 
durinq the occupation. 

C. The water sources for the Iraqi solders located in Kuwait 
came from the distillation·plants in Kuwait, Therefore, 
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the Iraqis were keen to keep a safe water supply. To 
insure that the water supply was safe, the Iraqis Q 
dispatched some of their military health inspectors to 
join the Kuwait Ministry of Public Health team in 
military vehicles to make daily visits and water sampling 
for the desalination plants and main distribution 
centers. As an insurance for the Kuwaitis, personnel in 
the preventive health clinics were instructed to take 
water samples from nearby distribution centers to insure 
that the Kuwaiti citizens had a safe water supply. This 
was explained to the Iraqis as a routine procedure for 
disease control. 

The water supply was checked for bacteriology and 
chemicals at the Public Health Laboratory. Most results 
were clear. An investigation was carried out on a water 
sample from the Chest Hospital that was tested as being 
unsatisfactory. An investigation showed that water had 
come from an infrequently used tank. The tank was 
cleaned and future specimens were satisfactory. All 
specimens from desalination plants and main distribution 
centers were satisfactory. 

Water quality 
war started. 
from December 

D. Food 

continued to be checked even after the air 
One hundred sixty-five samples were taken 
1990 until the beginning of February 1991. 

1. Food and Food Handler Testing 

Most of the Iraqi soldiers obtained their food from 
Kuwait. Therefore, a lot of interest was given to 
keeping the food supply good. The health inspection· 
unit was .. assigned the responsibility of inspecting 
food and· food handlers. With the shortage of 
available transportation for the Public Health 
Department (one car for all of Kuwait), districts 
were inspected every 2 weeks according to a pre
arranged time table. The main emphasis of 
inspection was on factories and main food suppliers 
to check food before it reached general stores and 
small shops. Food handlers were ma·inly inspected 
clinically since laboratory facilities were scarce. 
Priority was given for foods that were more likely 
to be contaminated, such as milk and dairy products, 
meat, poultry, and soft drinks like canned juice and 
Pepsi. About 400 food samples were collected. Only 
five of them that were not acceptable for human 
consumption were destroyed. 
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2. 

Small shops and food stores were mostly closed 
because of Iraqi hassling, including a tax and fee 
payment that was required by the Iraqi.government. 
Therefore, persons started selling food and other 
items in stalls and on sidewalks, changing from one 
place to another each day or week. Despite that, 
food was inspected and samples were collected from 
such stalls to make sure that expired or 
contaminated food was not sold to the public. 
However, it was difficult to obtain good results 
since most persons changed location, increasing the 
difficulty in enforcing public health laws under the 
occupation. 

Fruits and vegetables came from Iraq and Jordan in 
large amounts for profit reasons since these goods 
were sold at prices more than five times higher than 
in Iraq and Jordan. Reqular samples were taken of 
such food. 

Veterinary 

During the occupation, there were health inspectors 
and a veterinarian at the abattoir. Ill animals 
were isolated. and treated, if possible. Remnants of 
animals were burned. Dead animals were regularly 
buried a~> a joint effort between the Ministry of 
Public Health and firemen... Although the Iraqis 
formed small teams of garbage collectors under their 
supervision, they were not able to carry out all of 
the activities that were needed. 

E. Sewage 

Just at the beginning of the invasion, sewage was 
directed to the sea via the rain drainage sewer system. 
Thl.s system continued for some time without any problems. 
However, due to the lack of maintenance, breakdowns did 
occur. A major breakdown occurred at the Istiqial Street 
(The Embassies Street) which continued for days. Other 
breakdowns occurred in the heavily populated provinces. 
The main reason for that was direct blockage which was 
mostly managed through local efforts by the people 
themselves. · 

F. Environmental 

1. Garbage 

During the occupation, there was a 
collect garbage. There were piles qf 
over the streets, mainly near 
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populations. These were ineffectively set ablaze. C) 
Fire and smoke were a public annoyance. However, in 
the mainly Kuwaiti districts, Kuwaitis managed to 
somehow succeed in setting up neighborhood 
collection of garbage from in front of houses and to 
burn it in large heaps which kept the residential 
streets fairly clean. 

An effort was launched by the Iraqi government to 
clean all Kuwait through volunteer teams from inside 
Iraq. They called it the Kuwait Garbage campaign. 
This campaign was merely for propaganda reasons. 
The real objective was not accomplished. The 
campaign ended and was not retried. 

2. Air 

During the occupation, there were minimal air 
monitoring activities because the mobile and several 
of the static stations were taken to Iraq. 

G. Vectors 

Anopheles mosquitoes are in Kuwait (in few numbers). 
But, there have been no cases of indigenous malaria in 
many years. 'There were no malaria investigations or 
malaria control activities since the occupation. Almost .) 
all insecticides were taken to Baghdad. In addition so- . 
90 ca·rs of the Vector Control Program were taken to 
Baghdad. During the occupation there was limited 
spraying of garbage and spraying for rodents and vectors 
in and around hospitals. There was no other vector 
control. 

H. · Disease surveillance. 

1. Summary of Reported Diseases 

The list of reportable diseases remained unchanged. 
However, notifications were mainly from the 
Infectious Disease Hospital. The cases reported 
from the hospital were relatively severe. It is 
believed that milder cases were treated at primary 
health clinics where reporting was omitted. This is 
supported by the greatly decreased reporting of 
diseases from August through· December 1990 
(Table 10). · 

So far, there is no knowledge of the occurrence of 
cases of polio, diphtheria, neonatal tetanus, or 
outbreaks of vaccine preventable diseases amongst 
infants or children. The high immunization level in 
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the last 5 years has shown its fruit during the 
occupation. In addition, the efforts that were made 
to make vaccine available and in good supply from 
the Preventive Health Centers during the occupation 
were helpful. There were no outbreaks of food 
poisoning during the occupation. - During the 
occupation, 130 cases of viral hepatitis were 
reported, mainly in children less than 10 years of 
age in the previously known endemic districts. 
These cases appeared in the January 1991 report of 
disease during the period when water supply was 
scarce and houses :became crowded. 

The number of notified cases could not be compared 
with previous periods due to the lack of a 
denominator. The notifications during the 
occupation served as a means of access to cases so 
that preventive health efforts could :be carried out 
among contacts. 

Diseases in Iraqi.Troops 

No outbreaks of disease occurred among Iraqi troops 
during the occupation. However, 37 cases of cholera 
were documented in Iraq in the 45-day period :before 
the war. · There was no spread to the rest of the 
populatior.. Iraq continued to :be concerned about 
the possibility of cholera. In addition, some cases 
of hepatitis A were detected in Iraqi soldiers. 
There were rumors of malaria in Iraqi troops, :but no 
documented reports. 

Cholera 

Only one case of cholera was reported from a native 
Kuwaiti woman. She was one of a group of 3, 000 
Kuwaitis who tried to escape through the Iranian 
:border who drank water from a contaminated stream 
because no other water was available. The 
management and control measures for the case and her 
contacts were implemented. 

Dog Bites 

Seven persons were reported to have :been :bitten by 
dogs. All persons :bitten :by dogs were treated with 
tetanus toxoid and with human diploid rabies 
vaccine. 
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5. Quarantine and Screening of Expatriates 

Dr. AL-owaish carried out inspections of non-Arabs 
wanting to work in Kuwait. Through December, 
persons were checked for HIV antibody and 
tuberculosis. Most of these persons were Filipinos, 
Indians, Bengali, other Asians, and Africans. 

6. AIDS 

During this time, one case of AIDS in an Ethiopian 
worker was found. She was sent to Baghdad. 

I. Immunizations 

1. Immunization Sites 

During the occupation, the 29 centers attached to 
the Preventive Medicine Division were decreased to 
17 immunization _centers due to ( i) looting and 
stealing ·of equipment from health centers, (ii) 
destructi.on of health centers from shooting, and 
(iii) loss of manpower, especially public health 
nurses. 

2. Immunization Statistics 

It was obligatory to report to the Iraqi ~fficials. 
The provided statistics were the bare minimal 
·information on total numbers from the functioning 
immunization centers. Information on age, sex, 
nationality, etc. (place, person, and time), were 
not reported. The statistics of the first and last 
month of occupation are not reliable since some of 
the 17 centers did not report, whereas others 
remained nonfunctional because of the war situation • 
However, from September, to December, more people 
were willing to leave their homes and be immunized. 
The statistics provided to the Iraqis did not 
include the effort of some physicians to immunize 
children in their local area. 

People who came from Iraq and Jordan (either 
bringing food or for work) frequently asked for 
immunizations against certain diseases (HBV and 
meningococcal vaccine), increasing the numbers of 
immunizations for such disease during certain months 
(October and November 1990). 
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3. Illll!lunization Schedul.es 

4. 

The Iraqi officials were keen to change the 
illll!lunization schedule in Kuwait so that it would be 
in accordance with the Iraqi immunization schedule. 
Official memos · circulated instructing the 
discontinuance of certain vaccine and booster doses 
of polio and OPT. These memos were ignored and the 
Kuwait immunization schedule continued without any 
changes. The change happened in statistical 
reporting only (Table 14). 

BCG Vaccination 

.During the invasion, the Central Tuberculosis Unit 
and the School Health Division, organized under the 
supervision of physicians from the Preventive 
Medicine Department, were responsible for coming up 
with a plan to immunize Kuwaiti children who did not 
go to school. Palestinian and other children 
continued to go to school. However, most schools 
were occupied by Iraqi soldiers. Therefore, the 
plan included the assignment of the remaining staff 
for BCG vaccination to two mobile teams to cover 
highly populated residential districts at five 
different locat.ions. Three static teams were 
present at previously identified BCG vaccination 
centers. Health officers and nurses went to the few 
·opened schools to give BCG vaccination· to the 
children to insure a good BCG vaccination.coverage. 

J. Laboratories 

1. Public Health Laboratory 

The laboratory continued to carry out 
bacteriological examinations on food, water, sewage, 
stool samples, and serum specimens. It was the only 
laboratory that handled the examination for Vibrio 
cholera because.it had peptone water. 

The virological disease laboratory facilities were 
taken to Baghdad so there was no way to carry out 
tests for virological disease. Hepatitis cases were 
diagnosed clinically. Serotyping was not possible 
since the virology laboratory ,became non
functioning. 

2. Environmental Laboratory 

During the occupation, the environmental laboratory 
continued to carry out water quality testing as 
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previously described, although the mobile monitoring () 
unit was taken to Baghdad and the fixed monitoring 
stations gradually became nonfunctional. 

K. Other 

1. Public Health Education 

There was great difficulty in informing the public. 
Health instructions were given at mosques and 
information was passed from family to family. 
Information and circulars about vaccination 
availability were passed out at mosques, informal 
community groups, and posted inside the mosques, 
supermarkets, primary health clinics, and hospitals. 
When a case of cholera was identified, information 
was given cut through such routes for people not to 
panic or worry. Information was also given that 
cholera vaccinations were not needed even though 
people requested it because the Department of Public 
Health did net feel that vaccinations were needed or 
useful. Such methods ·of health education were 
adopted since the Department of Public Health had no 
access to radio, TV, or other media. 

2. Institute.-for Handicapped and Mentally Retarded 

At the beginning ·of the occupation, there w••re ·some \'] 
1,300 children at the Institute. · Some died because 
of lack of employees to take ca~e of them {who left 
th·e country after the invasion.) During the first 
1-2 months, entire families went to the Institute to 
volunteer and improvements were made. Later on, the 
Iraqis did not accept volunteers, unless new job 
contracts with the Iraqi government were signed; 
This was resented because non-compliance with the 
contract might lead to severe penalties by the I~~qi 
goverruaent. Therefore, many volunteers left the 
Institution. Accordingly·, one outbreak of diarrhea 
occurred at the Institute. The impression was that 
the diarrhea was due to starvation. One hundred 
bacteriological samples were collected, but all 
reports were negative. The remaining working staff 
in the Institute brought their own families for help 
and. the health situation improved to some extent. 

3. Dead People 

During the occupation, people were taken to the 
hospital morgues. At one time near the beginning of 
the occupation, there were so many bodies that they 
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4. 

were taken to the ice .rink where they were kept 
cool. The Kuwaiti Red crescent was burying people 
together. Most of the time, the Department of 
Public Health would try to wait a week before 
burying bodies so that families could come to 
identify relatives. · 

Kuwaiti Red Crescent 

For a time, the Kuwaiti Red Crescent was receiving 
instructions from the Kuwaiti Government in Exile. 
This resulted in Kuwaiti Red Crescent people being 

· put in jail. · 

v. March 4-21, 1991 

A. Organization 

The organization of the Ministry of Public Health, 
Departments, and Department Directors are shown in 
Figure 3. The organization of the Department of Public 
Health, the Division Chiefs, and the Units in the 
Preventive Medicine Division are shown in Figure 4. The 
Health Districts and District Directors are shown in 
Figure 5. 

. B. Manpower 

Some public health personnel started returning to their 
offices on March 4. By March 9, public health inspector~ 
and other workers returned to work. As of· March 16, 
1991, there were 16 Kuwaiti public health physicians and 
8 non-Kuwaiti public health physicians in Kuwait. These 
physicians were assigned to five hospitals and five 
health centers. By March 16, 75 public health inspectors 
and other workers were available to work. 

c. Hospitals and Clinics 

The hospitals and clinics were beginning to function. 
From March 4 to 21, there were increasing numbers of 
persons coming to the outpatient and emergency rooms of 
the hospitals. The hospitals and hospital directors are 
shown in Figure 6. 

D. Water 

A report from the team that assessed the water situation 
is provided as Attachment 1. Municipal water was shut 
off from the time of the ground war (February 23) through 
March 21. Initially, the only water available to 
Kuwaitis was water that had been stored on roofs or in 
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cisterns or water (bottled and ·in tankers) that was 
brought by the Kuwait Task Force from Saudi Arabia. In ~ 
early March, however, water became available by truck. 
The trucks were filling up with water from one of the 
three 500,000 million gallon reservoirs. These 
reservoirs had been tested. The reservoir supplying the 
Americans was being chlorinated at a level of 4 ppm by 
the u.s. Army. I was unable to find out the details of 
how much chlorine was being added to the water being 
trucked into Kuwait City, although one person complained 
.to me that a residual of only o.s ppm was present in some 
of the water he had tested. Although I would have liked 
the level to be higher, the result indicated that 
chlorine was being added to the water. I recommended 
that u.s. Army personnel working with the Ministry of 
Electricity and Power increase the level of chlorine at 
the delivery point to 4 ppm. 

Since liberation, radio messages telling people to boil 
water had been heard by my interpreter. 

E. Food 

1. Food and Food Handlers 

. 2. 

The u.s. Army brought in many truckloads of rice, 
and staples h~d · been obtained from approved food 
sources. However, as of March 21, inspection of 
food and food· handlers by the Government ot Kuwait 
had not yet been reinstated. 

Veterinary 

As of mid-March sheep were again being slaughtered 
at the slaughter house. KTF personnel worked with. 
the Minister of Municipalities to have garbage 
picked up from the slaughter house. · Although there 
were a few stray cats in Kuwait city, there were few 
if any stray dogs. 

F. Sewage 

During the Iraqi occupation, the Polish engineers who had 
been operating the sewage system protected the sewage 
system by having raw sewage bypass the system and flow 
directly into the Gulf. KTF personnel who assessed the 
sewage system in early March reported that the system 
would be operational as soon as electricity was 
available. · 
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G. Environmental 

1. Garbage 

2. 

Garbage trucks were brought from Saudi Arabia to 
Kuwait in early March. In addition, a number of 
garbage trucks still in Kuwait were made operational 
by adding tires or batteries. There are contracts 
with four Saudi Arabian companies to provide garbage 
pickup. As of March 16, these four companies were 
reported to have had 4,000 workers in Saudi Arabia 
who were available to enter Kuwait and assist with 
cleaning up the city and collecting garbage. The 
United States company, Waste Management, Inc., was 
also cleaning up one area in Kuwait on speculation 
that they would be able to obtain future contracts. 

Air 

With the oil well fires, residents have had eye 
tearing, sore throats, sneezing, and coughing. 
Persons with a previous :history of respiratory 
disease or asthma have reported increasing severity 
of symptoms. The British Royal Commission in 
Jubail, Saudi Arabia, examined the oil fire smoke 
and found that it contained carbon particles, but it 
did not have significant amounts of hydrocarbons, 
so2, or N02; The United States Interagency_- Air 
Assessment Team (USIAAT) from the -EPA sampled for 
several days in Kuwait City. Paul Seligman, M.o,, 
from the National Institute for Occupational Safety 
and Health was in Kuwait as a part of the team. 

H. Vector 

The reports of the Vector Control Team and the Entomology 
Team are shown as Atta.hment.s 2 and 3, respectively. 
There were fewer mosquitoes and flies than expected, 
primarily because garbage had been burned or picked up 
throughout most of Kuwait City during the occupation. No 
spraying for vectors was done from January 15 until 
March 9. Beginning on. March 9, vector control efforts 
were restarted. Anecdotally, there are reports of some 
increase in the numbers of domestic and Norwegian rats. 
Three hundred laborers have been contracted to carry out 
vector control. There are six ultralow-;volume (ULV) 
sprayers as well as an inventory of pesticides and 
vehicles. · A 3-month program of spraying was set up. 
Public health inspectors were to continue on the program 
that was in existence prior to the occupation. 
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I. Disease surveillance 

The report of the Epidemiology Team is shown as 
Attachment 4. . The Report of the Team assisting the 
Mubarak Hospital laboratory is provided as Attachment s. 

The Department of PUblic Health continues to be notified 
of cases of infectious disease admitted to the Infectious 
Disease Hospital. Notifications come in every Sunday. 
Every health inspector comes to the headquarters each 
Sunday. The health inspectors are assigned to 
investigate cases of disease. The inspectors also check 
on the immunization level of children. The diseases 
reported in 1991 through March 9 are shown in Table 15. 

Kuwaiti physicians were concerned about the possibility 
of a hepatitis A outbreak. Although there was no 
evidence of such an outbreak based on disease reporting 
(Table 9 above) or by reviewing hepatitis A reports from 
1988 through March 9, l99l (Table 16) , Ministry of Public 
Health physicians were alerted to this concern. 

The routine disease surveillance program is scheduled to 
be restarted as soon as the telephones are working and 
transportation is available. 

J. Immunization 

The routine illllllunization progralll had not been started by :) 
March 21. However, vaccine was available in the central 
warehouse and immunizations ·were being given by some 
physicians. 

K. Laboratories 

1. Public Health 

Although the public health laboratory had some 
water, it did not yet have electricity. It cannot 
process specimens until it has electricity. Neither 

.can the laboratory process food or cholera samples 
at the present time. A protocol for the 
identification of Vibrio cholerae 01 carriers is 
provided as Attachment 6. 

The virological laboratory was destroyed and the 
equipment removed. In addition, the' laboratories 
needed to be cleaned. · 
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2. Environmental 

Although only one 
the Environmental 
processed until 
available. 

piece of equipment was stolen from 
Laboratory, specimens could not be 

water and electricity were 

L. Other 

1. Injury 

2. 

3. 

Two people have died from explosives taken to their 
house. The problem is that people have been in 
their houses for 7 months, without sports, games, or 
movies. They are delighted to be outside. Citizens 
have been instructed to infol:'lll their local police 
station if weapons or munitions are found. In 
addition, announcements telling people not to pick 
up explosives have been heard. 

Biological and Chemical Weapons 

I was told that no biological weapons had been found 
in Kuwait. There were reports of cases of anthrax 
occurring in Iraq, near to where a biological 
weapons facility was thought to exist. 

I only heard one . report of several chemical 
projectiles being found inside Kuwait. 

Noise and Odors 

There were reports of people breeding chickens in 
their yards which has caused an increase in noise 
and odors in communities. 

... Cattle 

There were approximately 2 ,.coo head of cattle in the 
Kuwait. Animals that died were buried in place by 
the municipalities with at least one meter of sand 
covering them. Some of them were disposed of in a 
landfill. 

5. Zoo 

The Iraqis opened the cages of many of the zoo 
animals. For a while there was a tiger. and a 
leopard running lose. 
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VI. Sununary 

Prior to the Iraqi occupation, Kuwait had a very advanced 
public health system. The water, sewage, electricity, and 
garbage collection systems appear to be on the verge of 
functioning. However, the public health infrastructure that 
depends on people needs more attention. This other part of 
the public health system needs to be reinstated. When it is 
reinstated, the disease surveillance system needs to be 
computerized. It should be possible to have all of the 
hospitals and clinics with an on-line disease surveillance 
system that would provide data within hours to decision 
makers. It could even serve as a model for the system that 
needs to be set up in the United States. 

The major upheavals that have occurred in Kuwait will 
necessitate intensive retraining and rebuilding of the public 
health infrastructure. 
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Table 1 
. Table(2) 

Or i nld no;) ~later Quality If I ~ J J,_.~ 
..,. _,.l.JI • L,... .:. U... I_,.. 4.i I r ~ LD 

September - 1 !'89 - or-' 

:-------------l----·-----:-----l------:------l--·---l--------l--------l-------l--------1-----:--·---:----- ·= 
LOCATJOil !TEMPI Cl2 I PH I E. C I T. ALKIT, HARD I Cl I F I N-N03 I 504 IT. D. 51 N• : 1\ : <'• 

I I CC)I mg/11 lu •hast •gil I •g/1 I •gil I •g/1 I •g/1 I mg/1 I •g/11 m9/l I mt!l I ~~~· I 
-------------1----1- --- ----------- ------1------1-------- -------- -------1-------- ----- ------1-------- --- .. - ·I 

JAHRA I 30 I 0.0 0.7 700 20.0 1~6.01 BB.OO -- I. 10 I 127 499 ~6.0 I I. ~7 30 ~ 
SULAIDIKHAT I 34 I 0.0 7.9 730 16.0 144,01 BO.OO -- O.BO I II~ 467 ~3.4 I 1.40 3~.3 
FARWANIVA I 3B I 0.2 B.5 690 20.0 132,01 7B.OO -- 0.90 I 99 442 42.9 I I. ~0 33.7 
SHUWAIKH I 29 I 0.0 B. I 653 20.0 140,01 76.00 -- 1.00 I 114 41B 42.9 I 1.30 33.7 
SHUWA1KH • I 33 I 0.0 7.7 660 IB.O 140.01 76,00 -- 1.20 I lib 422 42.5 I 1.30 33.7 
SHARD I 3~ I 0.0 B.O ~33 ~0.0 136.01 ~3.00 -- 0.60 I 71 341 33.1 I O.BO 38.~ 
HAWALLI I 33 I 0.0 7.8 650 20.0 132.01 78.00 -~ 0.90 I 110 416 43. I I 1.30 35.3 
SALMIVA I 35 l 0. I 0.5 607 20.0 132.01 78.00 -- 0.90 I 95 388 41.9 I 1.40 33.7 
DAVAN I 26 I 0.0 8.6 697 18.0 120.01 99.00 -- 0.70 I 94 446 42.3 I 1.50 32. I 
REDA I 32 I 0.0 8.9 670 12.0 112.01 87.00 -- 2.10 I 68 429 41.3 I 1.30 30.5 
FAHAHEEL I 34 I 0.0 8.9 650 12.0 108.01 92,00 -- 2.~0 I 64 416 41.9 I 1.10 32. I 
FAILAM.A I 31 I 0.0 8,4 700 18.0 124.01 81.00 -- I 0.90 I 95 448 42.3 I 1.~0 33.7 I 

l-------------l----l-----l-----l------·------l------l-~------l--------l-------l--------l-----l------1--------l-------l 

• 

l-------------l-------l-------l-------l-------l-------l-------·-------l-------l-------l-------l-------l---------1------·--: 
I I Hg I Cd I Pb I lin I Cr I Cu I Zn I Fo I Nl I TOC I TH11B I TOTAL I FAECAL I 
I LOCATION I ugll I ugll I ugll I ugll I ugll I u;all I ugll I ugll I ugll I MgCII I ugll ICOLIFORII ICOLIFORtl I 
I I I I I I I I I I I I lcfultOOmllcfu/IOOmll 
------------- -------1------- -------1-------l-------l-------l-------l------- -------1------- ------- --------- -----~---1 

JAHRA -- I --. -- I -- I -- I -- I -- I -- -- I -- -- 0 0 
SULAIBIKHAT -- I -- -- I -- I -- I -- I -- I -- -- 1 -- -- 13 0 
FARWANIVA -- I -- -- I -- I -- I -- J' -- I -- -- I -- -- 0 0 
SHUWAJKH -- I -- -- I -- I -- I -- I -- I -- -- I -- -- 0 o 
SHUWAIKH • -- •I -- -- I -- I -- I -- I -- I -- -- I -- -- 4 0 
SHARD -- I -- -- I -- I -- I -- I -- I -- -- I -- -- 14 0 
HAWALLI -- I -- -.. I -- I -- I -- I -- I -- -- I -- -- 7 o 
SALtiiVA -- I -- -- I -- I -- I -- I -- I -- -- 1 -- -- 9 o 
BAVAN -- I -- -- I -- I -- I -- I -- I -- -- I -- -- 1 o 
REDA -- I -- -- I -- I -- I, -- I -- I -- -- 1 -- -- o o 
FAHAHEEL -- I -- -- I -- I -- I -- I -- I -- -- 1 -- -- 0 o 1 
FAILAKA -- I -- I -- I -- I -- I -- I -- I -- . -- 1 -- 1 --. 1 o 1 

l-------------l-------l-------l-------l-------l-------l~------l-------l-------l-~-----l-------l-------l---------l---------1 . . 

I • BEFOR FILTER ,source: .Environment Protection Council/Environmental Protection 
Department, Kuwait 



Table(2) 
Drlnkln9 Water Quality 

.. 

January - 1990-_,..L:., 

Table 1 

( f) cJ J J.,-'-!-
.,. _,:.II • ~ .::. U... I_,... 4-i I_,- ~ LD 

l-------------1----·-----·-----l------l------l------l--------l--------l-------l--------l-----l------l--------l-------. 
I LOCATION ITE11PI Cl2 I PH I E.C I T.ALKIT.HAROI Cl I F I N-N03 I 604 IT.O.BI Na I K I Ca I 
I I ICII 011111 lu 01hool 011/1 I oog/1 I 011.'1 I 011/1 I •Ill I "'1/1 I "'t/11 "'Ill I "'Ill I oog/1 I 
1------------- ----1-----1----- ------ ------ ------1-------- -------- ------- -------- ----- ------ --------1-------. 
I ~AHRA· 20 I 0.3 I 8.1 630 20.0 180.01 10~00 -- 1.26 12~ 403 ~7.0 1.00 I 3~.0 
I BULAIBIKHAT 19 I 0.0 I 7.5 660 18.0 160.01 96.00 -- 1.52 122 422 54.0 1.50 I 36.9 
I FARWANIYA 23 I 0.5 I 7.6 650 10.0 184.01 82.00 -- 1.40 II~ 416 ~4.0 1.,0 I 37.4 
I SHUWAIKH 22 I 0.0 I 7.3 670 20.0 172.01 84.00 -- 1.40 liB 428 ~4.8 1.50 I 40.1 
I BHUWAIKH e 20 I 0.0 I 7.4 675 26.0 180.01 96.00 -- 1.2~ liB 430 4~.8 1.~0 I 40. I 
I SHARQ 20 I 0.0 I 7.7 420 24.0 160.011 72.00 -- 0.~4 43 274 24.~ O.BO I 36.9 
I HAWALLI 16 I 0.0 I 7.1 600 20.0 164.01 90.00 -- t. II 102 384 ~2.~ 1.60 I 36.~ 
I BALI11VA 16 I 0.3 I 7.5 680 18.0 1~6.01 00.00 -- 1.34 II~ 43~ ~4.0 1.~0 I 3a.O 
I lAVAN 24 I 0.0 I 7.7 610 10.0 1~6.01 ~0.00 -- I. 16 110 390 54.0 1.~0 I 37.4 
I REOA 22 I 0.0 I a. I 420 14.0 la4.01 oa.oo -- 0.93 70 332 41.3 2.00 I 2a.~ 
I FAHAHEEL. 23 I 0.0 I 0.7 520 14.0 14a.OI 66.00 -- 1.03 35 274 36.3 1.60 I 21.3 
I FAILAKA 20 I 0.0 I 7.7 610 24.0 taO.OI 04.00 -- I 0.~~ ~a 390 I 43.1 1.80 I. 37.3 I 
l-------------l----l-----l-----l-~----l------l------l--------l--------l-------l--------l-----l------l--------1-------l 

1-------------1-------1-------1--· ----l--_;·---l-------l-------l-------l-------l-------l-------l-------1---------l------- --·1 
I I Hg I C4 I P~ I 11n I Cr I Cu I Zn i Fo I Nl I TOC I THHS I TOTAL I FAECAL I 
I · LOCATION I uall I uall I uall I Ut/1 I ug/1 I ut/1 I ugll I ug/1 I ugfl I 01gC/l I ug/1 ICOLIFORI1 ICOLIFORI1 I 
I I I I I I I I I i I I lcfu/tOO•IIcfu/100<•11 
1------------- -------1------- -------1------- ------- -------1------- -------1-------1-------1-------1--------- ---------1 
i JAHRA -- I -- -- I -- -- -- I -- -- I -- I -- I -- .I 0 0 
I BULAIBIKHAT -- I -- -- I -- -- -- I -- -- I -..: I -- I -- I 0 • 0 
I FARWANIYA -- I -- -- I -- -- -- i -- -- I -- 1 -- I -- 1 2 0 
I BHUWAIKH -- I -- -- I -- -- -- I -- -- I -- I -- I -- I 0 0 
I SHUWAIKH e -- I -- ·-- I -- -- -- I -- -- I -- I -- I -- I 0 0 
I BHARQ -- I -- -- I -- -- -- I -- -- I -- I -- I -- I 1~ 0 
I HAWALLI -- I -- -- I -- -- -- I -- -- I -- I -- I -- I 0 0 
I BALI11YA -- I -- -- I -- -- -- I -- -- I -- 1 -- I -- I 0 0 
I lAVAN -- I -- -- I -- -- -- I -- -- I -- I -- I -- I 0 0 
I REBA -- I -- -- I -- -- -- I -- -- I -- I -- I -- I 0 0 
I FAHAHEEL -- I -- -- I -- -- -- I -- -- I -- I -- I -- I 3 o 1 
I FAILAKA -- I -- -- I -- -- -- I -- -- I -~ 1 -- I -- I 0 0 1 
l-------------l-------1-------l-------l-------l~------l--·----l-------l-------l-------l-------l-------l---------l---------l 
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JUNE - 1990 - ~~ 

Table 1 0 

1£ l ,J J J.J-4-
. ..,. _,:.II • 4-< ..:. ~I_,... 4-l I .r' r.:J ~ 

-------------l----l-----l-----l------l------l------l--------l--------l-------l--------l-----l------l--------l-------1 LOCATION ITEHPI C12 I PH I E.C I T.ALKIT,HARDI Cl I . F I H-H03 I S04 IT.D,SI Ha I K I Ca I 
I ICII ••Ill lu •hosl ••11 I •S/1 I •S/1 I •~11 I ~~/1 I •s/1 I •sill ~s/1 I •~11 I ~s/1 -------------1---- ----- ----- ------ ------ ------1-------- -------- -------1--------1----- ------ -------- -------JAHRA I 37 ·0,2 O,t &70 22.0 172.01 96,00 -- 1.40 I 147 I 428 59,3 1.60 ~0.1 

SULAI&IKHAT I 37 0,0 7,& &00 22,0 100.01 06,00 -- 1,33 138 I 304 54.0 J,30 34,5 
FARUAHIYA I 35 0,5 8,2 610 J8,0 144,01 94,00 -- 1,23 131 I 390 55,5 lo50 36,9 
SHU~AIKH I 31 O,O 7,7 580 20,0 152.01 70,00 -- 0,87 123 I 371 43ol 1o30 35,3 
SHUUAIKH $ I 31 0,0 7o6 430 22,0 164.01 74,00 -- 1.00 122 I 275 43.1 lo30 35,3 
SHARD I 28 o,o 7,7 600 20,0 136,01 02,00 -- 0,50 50 I 384 23.0 0,60 40.1 
HAWALLI I 29 0,0 7,9 530 18,0 120,01 80,00 -~ 0,63 90 I 339 42o5 1,60 32.1 
SALHIYA I 32 0,2 8,0 590 20o0 186,01 00.00 -- · 1.37 113 I 377 54o0 lo40 35,3 
&AYAH I 30 0,0 0,3 530 16o0 140,01 oo;oo -- 1,10 100 I 339 53,3 1.40 35,3 
REOA I 37 O,O 7,9 410 22.0 156,01 78o00 -- 0,17 37 I 262 38.1 1.80 36.9 
FAHAHEEL I 37 O,O BoO 470 l6o0 136,01 82,00 -- 1,83 51 I 300 40.0 1.30 25.7 
FAILAKA ·1 25 O,O 7,0 540 26,0 160,01 76.00 -- 1.27 101 I 345 53,3 1.50 36.4 
-------------l----l-----l-~---l------l------l-~----l--------1-------- ------- --------1----- ------ -------- -------

l-------------l-------l-------l-------l-------l----~--·-------l-------l------~l-------l-------l-------1---------l---------l 
I I Hs I Cd I Pb I Hn I Cr I Cu I Z~ I Fe I HI I TOC I THHS I TOTAL I FAECAL I 
I LOCATION I u•/1 I us/1 I us/1 I us/1 I us/1 I us/1 l us/1 I · us/1 I us/1 I •sC/1 I us/1 ICOI.JFORH ICOLIFORH I 
I I · I I I I I I I I I I lcfu/IOO•IIcfu/100•11 
------------- ------- ------- -------1------- -------1------- ------- ------- -------1-------1------- ---------1---------1 

JAHRA -- -- -- I -- -- I -- -- -- -- I -- I -- 0 I 0 I 
SULAIBIKHAT -- -- -- I -- -- I -- -- -- -- I -- . I -- 0 I 0 1 
FARWAHIYA -- -- -- I -- -- I -- -- -- -- I -- I -- 0 I 0 I 
SHUUAIKH -- -- -- I -- -- I -- -- -- -- I -- I -- 2 I 0 I 
SHUUAIKH * -- -- -- I -- -- I -- -- -- -- I -- I -- 29 I 0 I 
SHARD -- -- -- I -- -- I -- -- -- -- I -- I -- 0 I 0 I 
HAUALLI -- ·-- ·-- I -~ -- I -- -- -- -- I -- I -- 4 I 0 I 
SALHIYA -- -- ~- I --· -- I -- -- -- -- I -- I -- 0 I 0 I 
B~YAH -- -- -- I -- -- I -- ' -- -- -- I -- I -- 0 I 0 I 
REDA -- -- -- I -- -- I --· -- -- -- I -- I -- 2 I 0 I 
FAHAHEEL -- -- -- I -- -- I -- -- -- -- I -- I -- 9 1 0 1 
FAILAKA -- -- -- I -- -- I -- -- -- -- I -- I -- 0 1 o 1 

------~------1------- ------- --~----1------- -------1------- ------- ------- -------1-------1------- -----~---1---------1 

I $ I BEFOR FILTER I 



.· 
Table 2 

Table14l 
Treated Ef·fluent Quality 

( L l ~J J..1~ 
..,.._JI ...1 _rJI • L,o... 4J I_,_. t:-1 L.u 

September - l9R9- ~ ..... ~ --

l-----l-------·----·----l---l------l-----l------l----l-----l------l------l------l------l------l----l-----l----1-----.----:------. 
I&TAOEI LOC. ITEMPIC12 IPH I E.C IT.ALKIT.HAAOI D~ I C1 IN-NH3 IN-N03 IORO.N. IP-P04 I -& 1604 IT.O.SI No I K I Co I D I 
I I IICI IMglll lu MhooiMg/1 I Mg/1 IMg/IIMgl\ 1 •til I ~g/1 I ~g/1 I mg/1 I •til lag/11~g/l IMg/IIMt/1 \$gill mt/1 I 
l-----·-------l----·----·---·------·-----·------l----·-----·------·------·------·------·------l----l-----l----l-----.----1------: 
ISECI I I I I I I I I I I I I I I I I I I I I 
I I~AHRA I 31 I 0.017.41 2300 I 184 I 440 I~- I 357' 13.471 3.901 13.721 5.761 1.601 36211472 I-- I -- I-- I -- I 
I IAROEAH I 36 I 0.017.61 2900 I 232 I 460 I-- I 280 I 24.931 8.901 22.401 8.881 2.081 25511856 I-- I --I-- I -- I 
I IREOA I 28 I 0.017.21 2300 I 114 I 420 I -- I 410 I 2.68i · 1.901 3.301 13.921 1.681 27711472 I -- I -- I -- I -- I 
I IFAILAKAI 30 I 0.018.21 6400 I 300 I 740 I-- 11710 I 12.381 7.501 11.591 4.801 1.531 27214096 I-- I -- I-- I --. I 
·-----l-------·----·----l---·------1-----·------l----·-----l------l------l--7---l------l------l----·-----l----l-----l-- -1------1 
ITERI I I I I I I I I I I I ·1 I I I I I I I I 
I I~AHRA I 32 I 2.017.51 2000 I 168 I 360 I-- I 399 I 13.641 4.701 12.941 7.621 1.561 36911280 I-- I -- I -- I -- I 
I IAROEAH I 37 I 1.817.71 2400 I 206 I 3BO I-- I 320 I 26.051 7,901 27.781 7.951 1.651 25811536 I-- I --I -- I -- I 
I IAEOA I 29 I 1.817.31 2600 I 76 I 420 I -- I 455 I 1.261 3.901 3.081 13.961 1.951 35811792 I -- I -- I -- I 
l-----·-------·----·----·---l------l-----·------·----l-----·------·------·------l------l------l----l-----l----l-----l-- .. -1------l 

l-----l-------l------:------l------l------l--------l--------·------l------l--------------l------------1------------.--- --------1 
I I I I I I I . I I I I TOTAL I FAECAL I FAECAL I COLL~PHAGE I 
ISTACEI LDC. I Cd I P~ I C~ I Cu I Zn I Fo I Nl I V I COLIFORM I COLIFORM ISTREPTOCCCICII · ~~- I 
I I I '"t/1 I 10gll I Mill I 019/l I mgll I 10111 I ,.,gil I Mill I cfu/100,.1 I cfullOOml I cful100•1 I pfu/IQ(>ml I 
l-----·-------·------l------·------·------·--------l--------·------·------·--------------1------------·------------·------------: 
ISECI I I I I I I I I I I I 1 
I ·I~AHRA I 0.731 3.931 2.001 1.501 115.9 I 400.0 I 4.701 2.401 276000 I 256000 I "000 I 104000 1 
I IARDEAH I 0.531 ,4.601 2.401 l.iiDI 167.8 I 500.0 I 4.001 2.1101 46000000 I 26000000 I 410000 I 126'0 I 
I IREOA I 0.301 3.301 1. 601 4.601 110.1 I 400.0 I 1.901 2.401 132000000 I 430000 I 90000 I 0 1 
I IFAILAKAI 0.301 2.931 16.001 5.401 61.2 I 550.0 I 10.301 2.401 5700000 I 18000 I 3000 I 0 I 
l-----l-------·------l------·------l------l--------l--------l------l------l--------------l-~----------l------------1---·--------l 
I TER I I I I I I I I I I I 1 1 · 
I I~AHRA I 0. 301 2. 151 I. ~01 1. 301 144.7 I 200.0 I 0. 001 0. 001 0 I 0 I 0 I o 1 
I IAROEAH I l. 001 4. 101 3. 001 2. 401 393.0 I 550. o· I 7. 501 5. 401 5 I 0 I 0 : 3450 1 
I IREOA I 0. 301 2. 801 I. 601 B. 301 300. 5 I 575.0 I 1. 901 4. 101 0 1 0 1 0 1 0 1 
l-----l-------l-----~l------·------l------l--------1--------l------l------l--~-----------l------------l------------l------------l 

Source: Environment Protection Council/Environment Protection Department, Kuwait 
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Table 2 

Tablel4l I l I .r-J J J_,-'-1' 
Treated Effluent 0Ltall ty ..r-11 ..l _....11 • L,... 4l I r ~ LU 

January - 1'190-..r.tW... 

·-----·-------l----l----l---l------l-----l------l----l-----l------l------l------l------l------l----l-----l----1----~l----l------l 
18TAOEI LDC. ITEMPICI2 \PH I E.C IT.ALKIT.HARDI Dr I Cl IN-NH3 IN-ND3 IDRO.N. IP-P04 I -8 1604 IT.D.BI No I K I Co I B I 
I I I CCI l•t/11 lu •hool•t/1 I •all l•t/ll•t/1 I •til I oog/1 I •t/1 I oot/1 I oog/1 l•t/lloftg/1 l•t/ll•tll \01glil "'Ill I 
l-----l-------l----l----l---l------l-----l------l----l-----l------l------l------l------l------l----l-----l----l-----l----1------l 
IBECI I I I I I I I I 'I I I I I I I I I I I I 
I I~AHRA I 24 I 0,017.71 42~0 I 206 I 424 I -- I 38:1 I 24.821 · 6.~21 28.621 ~.201 0.471 27012720 I-- I -- I -- I -- I 
I IARDEAH I 24 I 0,017.713400 I 318 I 376 I --1 1320133.191 ~-~31 43.901 13.701 0.3~1 12"2176 I-- I --1-- I -- I 
I IREOA I 24 I 0. 017.41 3480 I BO I 404 I -- I 460 I 4. 40.1 3. 711 4. 6:!1 B. 901 0. 001 16212227 I -- I -- I -- I -- 1 
I IFAILAKAI 20 I 0.017.41 ~980 I 268 I ~90 I -- 13274 I 26.:!01 6.311 30,861 6,301 0.001 40016397 I -- I -- I-- I -- 1 
l-----l-------l----l----l---l------l---~-l------l----l-----l------l------l------l------l------l----l-----l----1-----l----l------l 
ITER\ I I I I I I I I I I I I I I I I I I I 1 
I I~AHRA I 2:1 I 2.117.~1 4100 I 169 I 460 I-- I 41:! I 17.771 6.371 24.471 8.:!01 0.001 29:!12624 I-- 1 --I-- I -- 1 
I IARDEAH I 2:1 I 0. 817,31 33:10 I 270 I 400 I -- I ~30 I 3. 831 7. Ill 3. 301 7. :!01 0. 001 18912144 1 -- I -- 1 -- 1 -- ·1 
I IREOA 12:111.417.4133001 ~41 4081--14:!01 2.29110.991 1.901·7.601 0.001193121121--.1--1--1--1 
1-----1-------1----1~--1---1- ----l-----l------l----·-----l------l------l------l------1------l----l-----l----l-----l----:------l 

l-----l-------l------l------l------l------l--------l--------l------l------l--------------l------------l------------l-----·------1 
I I I I I I I I I I I TOTAL I FAECAL I FAECAL I CDLLEPHAGE I 
19TAOEI LOC, I c• I P~ I Cr I Cu I In I Fo I Nl I V I COLIFDRH I COLIFORH IBTREI'TOCCOCII I 
I I I •til I •til I 011/l I •all I oog/1 I •all I •til I •til I cfu/100•1 I cfu/IOOod I cfu/100•1 I pfu/100•1 1 
I-----I-------I------I------I------I------I--------I--------I------I------I--------------I------------1------------I------------
18ECI I I I I I I I I I 1 1 1 
I IJAHRA I -- I -- I - I -- I -- I -- I -- I -- I 11000000 I 1000000 I 100 I 360000 
I IARDEAH I -- ( -- I - I -- I -- I -- I -- I -- I 188000000 I 27'10000 I 310000 I 122000 
I IREOII I - I -- I - I -- I -- I -- I -- I -- I 4000000 I 1000000 1 120000 1 6'10000 
I IFIIILAKAI -- I -- I · -- I -- I -- I -- I -- I -- I :!0000 I 600 I 0 I 2300 
1-----I-------I------1------I------I------'--------I--~-----I------I------I--------------I------------I------------I------------
ITERI I I I I , I I I I 1 1 1 
I I JAHRII I -- I -- I - I -- I -- I -- I -- I -- I 0 I 0 I 0 I 0 
I IARDEAH I -- I -- I --" I -- I -- I -- I -- I -- I 0 I 0 1 0 I 0 
I IREOII I - I -- I -- I -- ' -- I -- I :..._ I -- I 0 I 0 1 0 I o 
1-----·-------1------1------1------1------ --------l-----7--·------·------l--------------l------------·------------·------------



~. 
• to' •'' • ~ • 1 .,· .. ~ ... r .... ,. ·~) ... 
~~ T.-bl•l41 
Tr•at:ed E##luent: CILiality 

Table 2 
\ l l ~J J_,~ 

..,._..11 ...l _,..-JI • 4- 4ll_r t-1 LD 

JUNE - 1990 - ~~ 

·----l-------l----l----l---l------l-----l------l----l-----1------l------l------l------l------l----l-----l----l-----l----l------l 
HAGEl LOC, ITEHPIC12 IPH I E,C IT.ALKIT,HARDI Dr I Cl IH-HH3 :H-H03 IORG.H,IP-P04 I -S 1604 IT,lo,SI Ha I K I Ca I B I 

I IICI l•d/11 lu •hosl•d/1 I •d/1 l•t/ll•d/1 I •t/1 I •~/1 I •til I at/1 I •t/1 l•t/11•t/1 l•t/ll•t/1 lot/11 ••IJ I 
-----l-------l----l----l---l------l-----l------l----l-----l------l-~----l------l------l------l----l-----1---~·-----l----l------l 
SEC I I I I I I I I I I I I I I I I I I I I I 

IJAHRA I 27 I Oo017.51 '3700 I 320 I 460 I -- I 430 I 36,371 16,141 42.361 6,501 0.311 21012368 I -- I -- I -- I -- I 
IARDEAH I 30 I 0.017,31 3150 I 285 I 310 I -- I 475 I 18,831 10,431 24.~01 5,401 0.691 7012016 I -- I -- I -- I -- I 
IREOA I 31 I OoOI7o51 4650 I 135 I .566 I -- I 880 I 28.151 4.961 32.981 5,001 Oo231 26312976 I -- I -- I -- I -- I 
IFAILAKAI 30 I Oo017,61 1600 I 355 I 835 I -- 13762 I 0.001 3,911 0,811 4.101 0.001 12911024 I -- I -- I -- I -- I 

-1£ii·l·------~----~----~---~------~-----~------~----~----.: ~-----~ :---.---~------~------~------~----~-----~----~-----~----~------~ 
IJAHRA I 30 I lo117,71 4160 I 275 I 463 I -- I 460 I 35,961 5,861 33,821 6,101 0.781 27012669 I -- I -- I -- I -- I 
IARliEAH I 32 I 1o117,41 3125 I 280 I 312 I -- I 436 I 26o261 6.191 32,451 6,801 0.131 7012000 I --I -- I -- I -- I 
IREOA I 30 I 1.317,81 4360 I 140 I 750 I -- I 376 I 29.401 5o101 30,181 5,401 0.001 25312790 I -- I -- I -- I -- I 

-----l-------l----l----l---l------l-----l------l----l-----l------l------l------l------l------l----l-----l----l-----l----1------l 

-----l-------l-----l-----l-----l-----l-----l---~--·------l-----l-----l------------l------------l------------l-------1----------l 
I I I I I I I - I I I I TOTAL I FAECAL I FAECAL I SALH0-1 COLIPIIAGEI 

SlAGEl LOCo I Hi I Cd I Pb I Cr I Cu I Zn I Fe I Hi I II I COLIFORH I COLIFORH ISTREPTOCOCCll HELLA I I 
I l•d/1 l•d/1 l8d/1 lad/1 l•d/1 I ad/1 I ad/1 lad/1 lad/1 I cfu/100a1 I cfu/100a1 I cfu/160•1 I cfu/1 I pfu/1 1 -s£c_l _______ \ _____ l _____ l _____ \ _____ l _____ \ ______ l ______ \ _____ l _____ l ____________ l ____________ l ____________ l _______ l_~--------~ 

IJAHRA 12,0001 Oo301 2,201 1,601 2,91 129.01 4&,51 1,001 2o401 1030000001 14000000 I 850 I 17 I 3S6SOI 
. IARDEAH 12.0001 O,JOI 2.701 1.101 3,31 82,01 423,JI 1,001 2,401 10000001 300000 I 180000 I 140 I 1023501 

I REOA I --- I --- I --- I --- I --- I --- I --- I --- I --- I 256000000 I 4760000 I 4300 I 10 I 19600 I 
IFAILAKAI2,0001 0,301 2.331 lilOI 2.31 73.61 243,11 1,001 2,401 270000001 33 I 70 I 230 I· 103501 

-----l-------l-----l-----l-----l-----l-----l------l------l-----l-----l-~----------l---------~--l------------l-------1----------l 
TER I I I I I I I I I I I I I I I I 

IJAHRA 12.0001 0,401 1,401 2,001 1,31 68,11· 30,11 1,001 3,001 01 0 I 0 I 0 I 01 
IARDEAH 12,0001 0,501·2,001 2,801 6,21 151,01 259,51 1.001 2.401 01 0 I 0 I 0 I 11501 
IREOA 12,0001 0,301 1.721 0,801 1,31 101,31 95.61 1,001 2,401 01 0 I 0 I 0 I 01 

-----l-------l-----l-----l-----l-----l-----l------l------l-----)-----l~---~-------l------------l------------l-------1----------l 

, ··., ; ... ·o : ... 
0 0 
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(I) ~.J J.,...__ 

MONTHLY MEAN CONCENTRATION OF THE OASES EXPRESSED AS PPM N~D PPB 
RECORDED BY THE AIR POLUTICN MONITORINC STATIONS TOGETHER WITH THE 

MAXIMUM LEVEL ANO THE PERCENTAGE DISTRIBUTION OF THE VALUES 
EXCEEDINC THE THRESHOLD LEVEL DURING 

SEPTEMBER I '18'1 

Table 3 

!----------------------------------------------------------! 
LOCATIONS ----------------!---------------!------------! 

MANSORIA RASIA REGA !--------- !--------------!--------------! 
CASES MEAN ! MAX XEX. MEAN ! MAX ! l:EX. ! MEAN ! MAX ! 7.EX. ! 

LIMIT! ! LIMIT! !. ! LIMIT! 
! -------! ---- !------! -----! ------! ----! ------! ----! -------! ------! 

TS IN PPB :2. 6681 ~8. ooo: 14.3SSI '1:2'1.0001 1. ~171 ts.ooo: 
H:s IN PPB 0.61~1 ~6.0001 3. I 11.62~1 B87.ooo: 18.4 0.2:3:31 1~.ooo: 0.:2 
S0:2 IN PPB 2.0:391 9.ooo: 0.0 3. 421: '151.0001 0. B 1. 1901 9.0001 0.0 
THC IN PPM 2.7021 13. 3101 2.2181 e. 4to: 1. 9:30: 7.260t 
NCH4 IN PPM 0.83'11 II. :2601 73.6 0.~361 6.2901 7'1.8 0. 1621 :5.8701 16. 7 
CH4 IN PPM 1.8621 4. 2901 l.loS11 4. 7301 1. 70S: 4. "1801 
NOX IN PPB ~:2. 5181 aee.ooo: 49.37'11 882.0001 32. 1261 6'1~.0001 
NO IN PPB 23. 061: 78'1.0001 11. 6 20.3211 eoo.ooo: '1.5 14.5851 573.0001 lo. 7 
N0:2 IN PPB ·I :2'1.3'141 S04.0001 1:2.4 :28.03'11 281. 000: '1 ... 17. 3~1: 312. 0001 5. 0 
co IN PPM I 1. 0~4: 13.2401 0.6 I. 153 I 20.7~0: 0. 5 1. 111: 34.3701 O.lo 
03 IN PPM I 0.0041 o. 0361 0.0 0.0031 0.03'11 0.0 0.00:21 0. !:lSI 0.0 
NH:l IN PPM . ·- I I • 0. 1741 :2.3001 3:2.3 . 

!------!-----!------~-!---- -------!--------!------!-------!--------!------! 

Source: Environment Protection Council/Environment Protection 
Department, Kuwait 



Table 3 

MONTHLY MEAN CONCENTRATION OF THE GASES EXPRESSED AS PPM AND PPB 
RECORDED BY THE AIR POLUTION MONITORING STATIONS TOGETHER WITH THE 

MAXIMUM LEVEL AND THE PERCENTAGE DISTRIBUTION OF THE VALUES 
EXCEEDING THE THRESHOLD LEVEL DURING 

JANUARY 1990 

'-------------------------------------------------------------------------------------! LOCATIONS !----------!------------!---------------! 
MANSORIA RABIA REQA !----------------!--------------!-----------! 

GASES MEAN MAX ! %EX. ! MEAN ! MAX ! %EX. ! MEAN ! MAX ! %EX. ! 
! LIMIT! ! ! LIMIT! ! ! LIMIT! 

-------------!------ -------- !---! ------ !_...::. ___ ! ----J --! -----! -----! 
TS IN PPB 2.346 3:5.0001 :;. 316: 407.0001 1.~89: 19.0001 
H2S IN PPB 0.::3:5:5 33.0001 2.4 3. 1791 396.0001 7.4 0.:2601 17.0001 1.0 
S02 IN PPB 1. 9:51 3.0001 o.o 2. 1051 17.0001 0.0 1. 0091 3.ooo: 0.0 
'TI-IC IN PPM 2.287. 9.4:!0: 1.864: 7. :;eo: 2. 231 I 9.7201 
NCH4 IN PPM 0.4181 7. 7201 54. 1 0. 4111 ,.~o: 60.7 0.5071 6 .. S70: 91.9 
CH4 IN PPM 1.9681 4. 580: 1.4521 4.6101 1. 7241 3.4801 
NOX IN PPS :57.::3:551 756. 0001 :53.7421 712.0001 :52. 2191 698.0001 
NO IN PPB 29.68~: 647.0001 1 :;. 1 . 27. eo~.: 498.0001 16. 1 2:5.8291 636.0001 13.6 "I 
NCO! IN PPB 27. 671 I 327.0001 10. 4 2:5.9121 229.0001 6.0 26.3491 297.0001 7.8 
co IN PPM 1.0081 9.9001 0.3 1. 1:5:51 13.7701 0.4 1.0401 31. 4901 o.:; 
03 IN PPM 0.0021 0.016: o.o • o.oo:;: 0.0621 0.0 0.004: 0.021: 0.0 
NH3 IN PPM I I I 0.0!54: 2.690: 10."2 

.-------------!-------!--------!------!-------!--------!------!-------!--------!--~--! 
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( 1 ) ~J J,.......,. 

~IONTHLV MEAN CONCENTRATION OF THE GASES EXPRESSED AS PPM AND PPil 
RECORDED DV ·THE AIR POLUriON 110tUTORING STATIONS TOGETHER IHTH THE 

Mt.XI11UH LEVEL AND THI; PERCEIHAQE DISTRIDUTIOI~ OF THE VALUES 
EXCEEDING THE THRESHOLD LEVEL DURING 

..JUNE. 1990 . 

Table 3 

•--------------------------------- -----··-· -----------~------------------------------· . LOCATIONS . 

~-----------------------!~---~------------------!-----------------------! 
MANSORIA . ! RADIA REGA 

·----~--------~----- ---!---·-------------------!-----------------------
! ! ! ! ! ! ! ! 

GAOE5 ! MEAN ! MAX ! .7.EX. ! Nt::'At.! ! MAX ! i:Ex. ! MEAN ! MAX ! 1.EX. 
! LIMIT! I ! LJ111T! ! ! LIMIT 

------------- -------!--------!------!---·---!--------•------•-------!--------!------
TS IN PPD 2. 7651 85. 0001 -- I 15.3781 932.000 -- 1. 8731 21. 0001 
H2S IN PPD 1. 2511 84.0001 5. 5 12.4631 863.000 16.5 0.2531 20.0001 1. 3 
502 IN PPD 1. 4311 12.0001 0.0 2.9531 142.000 1.2 1. 2841 3.0001 0.0 
THC IN PPM 2. 1161 8.0601 -- 2.0BU 9.070 -- 2. 1381 9.4101 

I NC~14 IN PP11 0.3421 6.1301 49.9 0.6501 4.250 87. 1 0.3571 7.6901 39.2 
I CH'l IN PP11 1.7721 4. 5201. -- . 1. 4311 6. 130 -- 1. 7901 4.6001 
I NOX IN PPD 26.2241 460.0001 -- 28. 0111 251. 000 -- 33.5331 540.0001 
I NO IN PPD 5.3321 3'10.0001 3.3 7.6651 208.000 2.8 10.2781 445.0001 5.0 
I 1~02 IN PPD , 20.8951 178.0001 11. 1 20.3571 120.000 3.3 23.2631 242.0001 8.3 
I CO IN PP11 0,8461 11. 9101 0. 1 0.8031 7.320 0.0 0.7741 37.0601 0.2 
I 03 IN PP11 0.0131 o. 1371 0.4 0.0101 0,066 0.0. 0.0121 0. 0531 0.0 
I NH3 IN PPI1 --- I --- I -- --- • --- -- ' 0.0631 1. 5801 10.8 • ' 
! ------------- ·-----·--! -------- !·------- -·N- ---- !-------- ------ !-------! ---- --- !------! 



Distribution of Settled Daily Dust .... ~~~~~~~··*~~Q .... 
(J<ra:as/square meter/day) ~able .! 

r-----------------------------------------------------,---------
Locations 

Date -·-- Daily Total 
Shuwaikh ~uwait City Jahra Mean No. of 

Industrial Sample . Area 
- - -· 

1/1/90 0.082 0.814 o. 328 0.408 3 

2/1/90 0.320 0.086 4.041 1.482 3 

3/1/90 o. 330 0.824 0.265 0.473 3 

4/1/90 1.099 2.209 - 1.654 2 

5/1/90 0. 685 0.211 - 0.448 2 

6/1/90 0.022 0.127 0.024 0.058 3 

7/1/90 1.097 1. 927 1.855 1. 626 3 

11/1/90 1.877 1.620 2.890 2.129 3 

9/1/90 0.378 0.042 0.595 0.338 3 

10/l/90 0.434 0.265 0.022 0.240 3 

11/1/90 0.275 0.472 -· o. 374 l 

1.2/1/90 0.780 0. 623 - 0.702 2 

13/1/90 1.560 0.563 0.784 0.969 3 

1411/90 0.48'1 0.390 o. 301 0.392 3 

15/1/90 0.358 0.458 0.358 o. 391 3 

16/1/90 o. 448 0.597 0.474 0.506 3 

17/1/90 0.444 . 0.537 0.537 0.506 3 

1 R/l/90 0.872 1.218 - 1.045 2 

19/1/90 0.163 o. 677. ·- o;42 2 

20!1!90 0.681 9.032 o. 711 3.475 3 

21/1/90 0.922 9.212 o. 83·9 3.658 3 

22/1/90 0.953 0.933 0.667 0.851 3 

23/1/90 o. 796 0.259 0.344 
. 

0.466 3 

24/1/90 1.154 1'.791 0.468 1.138 3 
• 25/1/90 0.866 0.902 o. 279 0.682 3 

26/1/90 0. 617 0.448 - o.s 33 2 

27/1/90 o. 717 0.179 - 0.448 2 

28/l/90 o. 249 0.979 0.179 0.469 3 

29/1/90 0.199 0.65; 0.159 0. 338 3 

30/1/90 0.320 0.486 0.105 0.304 3 

31/1/90 0.553 0. 701 o. 398 0.551 3 
Hont..,ly ·Mean 0.637 1.266 o. 723 0.889 as 

s .d ·!. 0.424 2.165 0.960 1.437 

Source: Environment Protection Council/Environment Protection Department, Kuwait 

0 

c 

c 



0 

Date 

1/ 6/90 
2/ 6/90 
3/ 6/90 
4/ 6/90 
5/ 6/90 
6/ 6/90 
7/ 6/901 
8/ 6/90 
9/ 6/90 

10/ 6/90 
11/ '6/90 

0 12/ 6/90 
13/ 6/90 
14/ 6/90 
15/ 6/90 
16/ S/90 
17/ 6/90 
18/ 6/90 
19/ 6/90 
20/.6/90 
21/ 6/90 
22/ 6/90 
23/ 6/90 
24/ 6/90 
25/ 6/90 
26/ 6/90 

I 
I 
i . 

27/ 6/90 
28/ 6/90 
29/ 6/90 

I 30/ 6/90 

I 31/ 6/90 

I 

6 
Mean 

S.D.+ 

I -

( , - 6 J r-J..> JJ~ 

Distribution of Settled Daily Dust 
JUNE (1990) 

(grams/square meter/day) 

Locations 
Dail:r 

Shuwaikh He an 
Industrial Kuwait Cit:r Al-Jahra 

Area 

0.478 0.458 ----- 0.468 
0.826 0.756 0.687 0.756 
3.613 3.065 8.877 5.185 
5.245 4.723 18.650 9.539 

' 3.394 3.658 13'. 05 7 6.703 
20.232 20.740 ·60.150 33.707 
25.527 34.131 ----- 29.829 
0.587 0.736 ----- 0.662 
0.816 0.677 1.035 0.843 
2.189 1. 270 3.115 2.191 
0.627 0.577 1. 334 0.846 
0.916 0.846 1. 234 0.999 
0.557 0.468 1. 015 ·0.68() 
4.498 2. 8-16 ----- 3.657 
1. 065 0.806 ----- 0.936 
1.334 1. 373 1.483 1. 397· 
1.509 1.015 2.185 1. 570 
0.876 0.587 1.980 1.148 
2.787 2.249 1. 821 2.286 
l!.~?8 1. 742 6.071 3.447 
6.747 5.792 ----- 6.270 

10.251 12.749 ----- 11. 500 
31. 34 9 47.829 98.499 59.226 

2.757 2.249 5.892 3.633 
0.796 o;617 1. 921 1.111 
0.587 0.518 0.969 0.691 
0.806 0.717 1.188 0.762 
5.304 4.429 ----- 4.867 
6.081 7.583 ----- 6.832 
0.916 0.766 ----- 0.841 
----- ----- ----- -----
4.840 5.531 11. 5 58 6.779 

7.583 10.691 24.444 14.648 

Table 4 

Total 
No. of 
Sample 

2 
3 
3 
3 
3 
3 
2 
2 
3 
3 
3 
3 
3' 
2 
2 
3 
3 
3 
3 
3 
2 
2 
3 
3 
3 
3 
3 
2 
2 
2 
-

80 
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Concentration of 

\' -
Table 5 

Suspended Particulate Matter in daily sanples 
.... ~~~~~~~--~~~Q .... 

(micrograns per cubic meter) 

r---------- -----------------------------~---- --------r------
Location - Daily Total 

Date - Me.att Samples 
Shu....,ikh Kuwait City Shaaieh Jahra ------ " --1----·-

1 - - - -
2 - - - --3 208.:!4 267.93 - 238.09 2 

4 - - 292.13 280.60 286.37 2 

5 - 258.78 - - 258.78 1 

6 - - 139.02 166. 79 152.91 2 

7 185.01 329.79 - - 257.4 2 

8 - - 336.77 528.94 432.86 2 

9 133.42. 118.69 - - 126.06 2 

10 - - 89.71 150.4 7 120.09 2 

11 334.02 150.54 - - 242.28 2 

12 - - 121.12 193.57 15 7. 35 2 

13 - 135.27 - - 135.27 1 

14 - - 70.45 63.01 66.73 2 

15 92.22 106.46 - - 99.34 2 

16 - - 64.18 . 65.68 64.93 2 

17 - 135.27 - - 135.27 1 

18 - - 113.69 304',65 209.17 2 

19 159.69 107.07 - - 133.38 2 

2U - - 139.40 135.00 137.2 2 

21 - 261.97 - - 261.97 1 

22 - . - 146.33 177.70 162.02 2 

23 257.15 238.69 - - 247.92 2 

24 - - 144.79 190.09 167.44 2 

25 174.17 262.62 -· - _218. 39 2 

26 - - 78.15 144.21 111. 1E\ 2 . 
27 110.56 82.71 - - 96.6( 2 

I . 
28 - - 49.93 .38.81 4-4.37 2 

29 116.43 175.58 - - 146.01 2 

30 - - 79.14 59.72 69.43 2 

31 - - - - -
Monthly Me&n 177.09 187.96 133.20 178.52 168.58 52 

S.d.+ 74.23 79.09 83.70 128.06 94.98 

Source: Environment Protection Council/Environment Protection Department, Kuwait 
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Table 5 
( l - 7 ) p-:i.; J-'~ 

Concentration of Suspended Particulate Matter in daily samples 
June (1990) 

(micrograms/cubic meter) 

Locations 
Date 

Shuwaikh Kuwait Shamiah Al-Jahra Daily Total 
City Mean Samples 

1/ 6/90 ----- ----- ----- ----- ----- -
2/ 6/90 ----- ----- ----- ----- ----- -
3/ 6/90 ----- ----- 616.9 1089.1 853.0 2 
~I 6/90 903.1 710.3 ----- ----.- 806.7 2 
5/ 6/90 ----- ----- 606. "9 753.3 680.1 2 

I 

6/ 6/90 ----- 1355.2 ----- ----- 1355.2 1 l 1/ 6/90 ----- ----- 2228.3 1780.6 2004.5 2 
8/ 6/90 328.0 235.2 ----- ----- 281.6 2 
9/ 6/90 ----- ----- 229.1 456.1 342.6 2 . 

10/ 6/90 323.9 302.2 ----- ----- 313.1 2 
11/ 6/90 ----- ----- 235.4 297.6 266.5 2 I 12/ 6/90 382.7 226.9 ----- ----- 304.8 2 I 

13/ 6/90 ----- ----- 214.0 318.3 266.2 2 
14/ 6/90 447.4 38 7. 6: ----- ----- 417.5 2 
15/ 6/90 ----- ----- 304.9 374.6 339.8 2 
16/ 6/90 552.5 390.3 ----- . ----- 471.4 2 
17/ 6/90 ----- ----- 288.0 365.3 326.7 2 
18/ 6/90 ----- ----- ----- ----- ----- -
19/ 6/90 ----- ----- 345.9 356.7 351.3 2 I 
20/ 6/90 492.0 349.7 ----- ----- 420.9 2 I 21/ 6/90 ----- ----- 796.8 730.8 763.8 2 
22/ 6/90 1375.4 1266.9 ----- ----- 1321.2 2 
23/ 6/90 ----- ----- 1443.5 1853.3 1648.4 2 
24/ 6/90 887.7 767.2 ----- ----- 827.5. 2 
25/ 6/90 ----- ----- 261.4 360.5 310.9 2 
26/ 6/90 408.9 310.9 ----- ----- 359.9 2 I 27/ 6/90 ----- ----- ----- ----- ----- -
28/ 6/90 ----- ----- ----- ----- . ----- -
29/ 6/90. ----- ----- 1042.9 ----- 1042.9 1 
30/ 6/90 432.9 353.8 ----- ----- 393.4 2 

Mean 594.0 554.7 662.6 728.0 636.3 48 

S.D.+ 327.8 391.7 600.7 560.9 478.6 
- I 



Table 6 

( ..,.. - 7 ) r-l..; J.,~ 

Size Distribution ~ Suspended ·Particula ter Matter 

...... ~~~frY.t?~9 .......... . 

Shuwaikh (n•1) Kuwait C1 ey (n•3) Sham!.eh (n•3) 

Particle Size llea n % in Cumul. llea n % in Cumul. llean %in Cumul 
Size Ra~e Cone. Size Freq. Con:. Size Freq. Cone. Size Freq. 

(Micron) Range Range Range 
(ug/mh % (ugf'llh % (ug/m3) % 

0 .1-1 .1 34.2 17.7 17.7 57.8 23.2 23.2 33.8 26.0 26.0 

- -
1.1-2 .o 10.4 5 .3 23.0 12.0 4.8 28.0 8.2 6.3 32.3 

Eespirabl• 

2.0-3.3 13.1 6.8 29.8 15.4 6.2. 34.2 11.5 8.8 41.1 

3 .3-7 .o 42.0 21.7 51.5 43.3 17.4 51.6 23.5 18.0 59.1 
" -

Nou- > 7 .o 
respirable 39.7 48.5 100.0 120.6 48.4 100.0 53.3 40.9 100.0 

--
Total - 193.4 100.0 - p49 .1 100.0 - iJ.30.2 .100.0 -

'----- - -

• 

Source: Environment Protection Council/Environment Protection Department, Kuwait 

' 



. Table 6 

0 
( .,. - 7 ) ~.J ..,,~ 

Size Distribution of Suspended Particulate Matter 
June (1990) 

. 

Shuwaikh (n=2) kuwait City (n=3) Shamiah (n=3) 

Particle Size Mean % in Cumul Mean % in Cumul Mean % in Cumul 
Size Range Cone. Size Freq. Cone. Size Freq. Cone. Size Freq. 

(micron) ug/m3 Range % ug/m3 Range % ug/m3 Range ., 
"" 

R 0.1-1.1 282.7 30.3 30.3 793.9 50.6 50.6 273.6 31.82 31. s! 
E ' I s 
p 1.1-2.0 57.8 6.2 36.5 75.6 4.8 55.4 43.0 05 .. 00 36.81 
I 
R i 
A 2.0-3.3 107.0 11.4 47.9 126.7 . . 8 .• 1 63.5 97.4 11.33 

I 

48.2 '· 
B 
L 
E 3.3-7.0 162.1 .. 17.4 65.3 158.8 10.1 73.6 129.3 15. 04. 63.2 1 

Non Re- > 7.0 323.9 34.7 100.0 413.7 26.4 100.0 316.5 36.81 100.0 
spirable ! 

' 
T 0 t a 1 933.5 100.0 -- 1568.7 100-.0 859.8 100.0 ' - -- ! 

. 



Amebic D:vsentr:v 

REPORTABLE COMMUNICABLE DISEASES 
KUWAIT 1988 - 1991 

Enteropathic Escherchia coli 
Notified Diarrhea 
Lead Poisonin~ 
Upper Respiratory Infection 
Leprosy 
Exanthem Subitum 
Cutaneous Leismaniasis (imported) 
Mycoplasma pneumonia 
Erysipelas 
Staphylococcal Carrier 
]Giardiasis 
shigellosis 
Shigella Carrier 
Aseptic Meningitis 
.Encephalitis 
Mononucleosis Infectious. 
Scarlet Fever 
Herpes Zoster 
Menin~ococcal Meningitis (not specified) 
Menin~ococcal Meningigits (Group A) 
Meningococcal meningitis (Group B) 
Neisseria meningitidis carrier (not Group A) 
Neisseria meningitidis carrier (Group A) 
Septic Meningitis 
Rocky Mountain Spotted Fever 
Brucellosis .. 
Anthrax 
Toxoplasmosis 
Relapsing Fever (imported) 
Hepatitis (not specified) 
Food Poisonin~ 
Malaria (imported) 
Filariasis (imported) 
Endemic Typhus 
Chipkenpox 
Rabies (imported) 
Viral Hepatitis A 

.Viral Hepatitis B 
Viral Hepatitis non-A, non-B 

, Tetanus Neonatorum· 
Poliomyelitis 
Measles 
Rubella· 
Mumps 
Salmonella Carrier 
DLiphtheria 
Diphtheria Carrier 
Whooping Cough 
Tetanus 

Table 7 

·.~ 



(J 

.. <J 

Paratyphoid lA) Carrier 
Paratyphoid IBl Fever 
Paratyphoid (B) Carrier 
Paratyphoid (C) Fever 
Salmonella Enteritis 
Cholera 
Non 0-1 Vibrio cholera 
Typhoid Fever 
Typhoid Carrier 
Paratyphoid lA) Fever 

Source: Ministry of Public Health, Kuwait 

Table 7 (continued) 



Diseases Jan Feb Mar 

s. typhi 1 1 0 
carrier 

Typhoid 4 7 9 
Fever 

Non 0-1 V. 0 0 0 
cholerae 

Cholera 0 0 0 
(imported) 

Paratyphoi 2 0 2 
d (A) 
Fever 

Paratyphoi 0 0 0 
d (A) 
·carrier 

Paratyphoi 1 0 0 
d (B) 
Fever 

Paratyphoi, 0 0 0 
d (B) 
Carrier 

Paratyphoi 1 0 1 
d (C) 
Fever 

Salmonella 24 22 38 
Enteritis 

0 

REPORTED CO~NICABLE DISEASES 

KUWAIT - 1988 

Apr Hay Jun Jul Aug Sep 

0 0 0 0 0 1 

9 16 12 24 38 43 

0 5 3 7 21 9 

0 0 0 0 0 1 

1 2 4 2 7 7 

1 0 0 1. 0 2 

2 0 1 1 1 2 

2 2 2 1 2 0 

0 0 0 0 0 0 

54 57 68 46 59 74 

0 

Table B 

oct Nov Dec Total 
I 

0 0 0 3 

31 7 7 207 

1 0 0 46 

1 0 0 2 

3 1 2 33 

0 0 0 4 

0 0 0 8 
•I 

0 2 1 12 

0 0 0 2 

70 45 39 596 

0 



0 0 0 
Table 8 

Salmonella 59 48 69 86 95 117 66 152 192 193 135 86 1,298 
Carrier 

Shigellosi 32 13 17 24 10 21 20 34 25 40 55 33 324 
s 

Amebic 0 1 4 0 0 0 0 2 0 2 0 1 10 
Dysentary 

Food 10 32 16 3 210 26 35 106 63 8 7 4 520 
Poisoning 

(A) Viral 11 144 173 25 29 31 408 109 251 308 124 93 1,706 
Hepatitis 

(B) Viral 29 24 24 19 25 16 28 31 44 28 4 32 304 
Hepatitis 

(Non A Non 1 5 5 8 1 2 3 0 3 11 0 2 41 I 

B) Viral I 
Hepatitis 

Non 39 27 35 33 29 17 24 23 41 647 71 45 435 
specified 
Viral 
Hepatitis ' 

Tetanus 0 0 1 0 0 0 0 0 0 0 0 0 1 

Tetanus 0 0 0 0 0 1 0 0 0 0 0 0 1 
Neonatorum 

Whooping 7 17 25 19 47 27 10 78 3 0 0 1 163 
Cough 

Measles 8 3 8 18 13 1 3 2 4 5 3 2 70 

Rubella 20 39 65 79 48 43 17 20 33 34 23 32 453 

Mumps 60 78 105 84 48 35 16 21 33 37 61 76 654 

Chickenpox 711 547 640 711 558 431 255 183 159 218 296 330 5,069 



.· Table 8 

Endemic 0 0 1 1 0 1 0 0 0 0 0 0 3 
Typhus 

Malaria 38 31 41 71 67 111 111 142 215 183 131 88 1, 229 1 

(Imported) ' 

Filariasis 0 0 1 0 0 1 1 0 0 1 1 4 9 I 

(Imported) 

Brucel1osi 20 20 56 70 50 39 36 32 23 23 18 7 395 I 
s I 

Meningococ 4 0 0 3 0 3 1 0 0 0 1 2 14 
cal (A) 
Meningitis 

Meningococ 1 0 0 1 0 0 0 0 1 0 0 0 3 
cal (B) 
Meningitis ' 
Meningococ 0 5 0 0 0 0 ,o 0 0 0 0 0 5 
cal (A) I 

Carrier I 
lL.. 0 23 0 3 0 0 
meniogiU!:J 

0 0 0 0 0 0 26 I 

.i.l!. Carrier 
not Grp A 

Septic 12 10 10 0 4 6 
Meningitis 

4 13 10 9 11 12 110 

Aseptic 4 9 5 3 4 3 2 6 8 6 13 7 70 
Meningitis 

Encephalit 0 1 1 0 0 0 0 1 1 0 1 0 5 
is 

Intectious 0 1 2 3 0 1 
Mononucleo 

1 3 3 3 1 0 18 

sis 

G 0 0 



c, d u 
Table B 

Scarlet 8 1 3 6 4 2 1 0 1 5 3 5 39 
Fever 

Herpes 6 6 5 5 4 5 3 7 3 7 6 7 64 
Zoster 

Erysipelis 0 0 0 1 0 0 0 0 0 0 0 0 1 

upper 15 25 56 20 31 25 18 62 56 85 35 74 502 
Respirator 
y 
Infection 

LepJ;'O&y_ 0 3 0 1 2 0 2 1 0 1 2 1 13 I 
' Staphyloco 0 22 1 0 4 0 0 2 8 0 0 0 37 

ccal 
Carrier 

Exanthum 2 1 0 3 . 1 0 1 0 2 0 1 0 11 
subitum 

cutaneous 1 o. 3 0 1 0 0 0 0 0 0 0 5 
Leishmania 
sis 

Giardiasis 14 24 38 22 10 36 9 8 16 28 14 12 231 

Notified 165 138 188 308 230 259 308 842 498 363 206 268 3,773 
Diarrhea 

Lead 1 1 0 0 0 0 0 0 0 0 0 0 2 
_!'oisonin9~ L___ 

-~-- ~ -~-- -

Source: Ministry of Public Health, Kuwait 



Diseases Jan Feb Mar 

s. typhi 0 0 2 
carrier 

Typhoid 8 11 19 
Fever 

Non 0-1 V. 0 2 0 
cholerae 

Cholera 0 0 0 

Paratyphoi 0 0 1 
d (A) 
Fever 

Paratyphoi - - -
d (A) 
carrier 

Paratyphoi 0 0 0 
d (B) 
Fever 

Paratyphoi 0 0 0 
d (B) 
Carrier 

Paratyphoi. 0 0 0 
d (C) 
Fever 

Salmonella 33 20 39 
Enteritis i 

(] 

.. 

REPORTED COMMUNICA~LE DISEASES 

KUWAIT - 1989 

~.pr May Jun Jul Aug Sep 

4 1 1 2 0 0 

16 13 10 41 20 33 

0 0 0 6 40 268 

0 0 0 0 15 78 

1 4 3 2 1 7 

- - - - - -

1 2 2 3 2 1 

0 2 0 0 1 0 

0 0 0 0 0 0 

41 43 41 30 72 54 
--·-~ 

lJ 

Table 9 

Oct Nov Dec Total 

1 6 0 17 

22 15 15 223 

196 56 6 573 

34 5 4 136 

5 5 0 29 
I 

I 
- - - - I 

' 
' 

0 0 0 11 

1 0 0 4 

0 1 0 1 

42 44 38 497 

0 



/ -~-
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Table 9 

Salmonella 76 56 82 107 120 122 114 114 192 203 166 110 1,522 
Carrier 

Shigellosi 11 7 9 30 31 27 25 19 47 40 27 38 311 I 

S 
I 

Shigella 0 0 0 1 0 0 0 0 1 0 0 1 3 
Carrier 

Amebic 0 0 0 3 0 0 0 1 5 2 1 1 13 
Dysentary 

Food 18 5 10 602 9 34 
Poisoning 

36 70 12 15 8 10 829 

54 I (A) Viral 89 101 39 59 36 47 96 222 295 129 142 1,309 
Hepatitis 

(B) Viral 20 17 31 19 24 21 17 43 23 59 23 15 312 
Hepatitis ! 

(Non A Non 0 2 2 1 1 0 
B) Viral 

1 7 3 14 6 4 41 

Hepatitis 

Non 49 27 33 38 36 31 
Specified 

36 33 19 9 29 28 367 

Viral 
Hepatitis 

Tetanus 0 0 0 0 0 0 0 0 0 0 1 0 1 
! 

Tetanus 0 0 0 0 0 0 0 0 0 0 0 1 1 Neonatorum 

Whooping 1 0 1 2 2 0 2 0 0 1 1 1 73 Cough 

Measles 4 16 12 19 10 5 4 1 1 0 0 1 11 
Rubella 30 49 158 288 222 75 32 33 18 ._41 31 

I 

21 998 ' 
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Table 9 

Humps 53 84 127 136 90 75 67 17 22 30 24 30 755 

Chickenpox 375 365 458 501 495 334 217 197 143 182 244 254 3,752 

Endemic 0 0 0 0 1 0 1 0 1 0 0 1 4 
Typhus 

Malaria 68 57 62 79 115 163 142 139 122 130 83 67 1,227 
(Imported) 

Fi'lariasis 2 0 0 4 1 8 
(Imported) 

1 3 3 4 8 5 61 

Brucellosi 18 28 32 32 31 42 21 18 11 14 10 1 264 
S 

Meningococ, 
cal (A) 

2 1 1 0 1 0 0 1 2 0 0 0 8 

Meningitis 

Meningococ 0 1 1 1 0 0 0 0 0 1 0 0 4 
cal (B) 
Meningitis 

Meriinqococ 0 0 1 0 0 0 0 0 0 0 0 0 1 
cal (C) 
Meningitis ' 

IL.. 3 1 2 1 0 1 2 0 1 1 0 0 12 
ll!!i!D1D9:iti~ 
.i§ Type 
135W. 

IL.. 0 0 0 0 0 0 
ll!!i!DiD9:iti~ 

0 0 0 1 0 0 1 

is n~ 
carrier 

------ --

(j u 0 



0 u 0 
Table 9 

Meningococ 0 1 0 0 1 0 0 0 0 0 0 0 2 
cal 
Meningitis 
Not 
specified 

Septic 14 14 14 15 13 11 
Meningitis 

11 5 5 10 16 23 151 

Aseptic 9 8 13 13 12 13 
Meningitis 

3 7 9 7 17 27 138 

Encephalit 0 0 0 1 0 2 
is 

1 o· 0 1 1 0 6 

Infectious 0 2 3 2 4 1 1 3 1 0 0 2 19 
Mononucleo ' sis 

scarlet 1 3 14 14 8 4 3 
I 

3 1 7 9 6 73 
Fever 

Herpes - - - - - - - - - - - - -Zoster 

Erysipelis - - - - - - - - - - - - -
Upper - - - - - - - - - - - - -Respirator 
y 
Infection 

Leprosy 1 2 2 1 2 2 1 1 0 1 1 2 • 16 J 
Staphyloco 0 0 0 23 0 0 
ccal 

0 2 0 0 2 10 37 

carrier 

Exanthum 0 0 0 2 0 0 
subitum 

0 1 0 0 2 10 15 
I 



.· 
Table 9 

cutaneous 0 0 0 0 0 0 0 0 0 0 0 4 4 
Leishmania 
sis 

Giardiasis 24 74 82 54 55 41 16 20 77 85 27 28 583 I 

Notified 145 236 206 223 272 255 276 377 789 389 327 236 3, 729 ! 

Diarrhea 

Lead 0 0 0 0 1 0 0 0 0 0 0 0 1 j 

Poisoning 

Strept 67 30 47 54 u 39 60 50 69 104 51 34 649 
Throat 

I 

Herpex 0 1 0 0 0 0 0 0 0 0 0 6 7 
simplex 

---·---

Source: Ministry of Public Health, Kuwait 

u 0 0 
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Table 10 
REPORTED COMMUNICABLE DISEASES. 

KUWAIT - 1990 

Diseases Jan Feb Mar Apr May Jun Jul Aug - Dec Total 

s. typhi 0 1 4 0 0 - - 0 5 
carrier ' 

Typhoid Fever 3 9 8 8 16 - - - 44 

Non 0-1 v. - - - - - - - - -
cholerae 

Cholera - - - - - - - - -
(imported) 

Paratyphoid 1 3 0 1 1 - - 0 6 
(A) Fever 

Paratyphoid - - - - - - - - -
(A) carrier 

Paratyphoid 0 3 0 1 0 - - 0 4 
(B) Fever I 

Paratyphoid 0· 0 1 ,2 0 - - 0 3 
(B) carrier 

Paratyphoid 0 0 0 0 0 - - 0 0 
(C) FeveJ:" 

Salmonella 29 16 36 46 . 53 - - 2 182 
Enteritis 

Salmonella 74 76 106 138 148 - - 0 542 
Carrier 

Shigellosis 16 20 25 21 20 - - 0 102 
-~ ·-



Table 10 

Shigella . 0 0 0 0 1 - - 0 1 
carrier ' 
Amebic 0 0 2 0 0 - - 1 3 
Dysentary 

Food 5 4 6 21 46 - - 0 82 
Poi.soning 

(A) Viral 231 166 248 106 327 - - - 1,078 
Hepatitis 

(B) Viral 35 20 27 28 15 - - - 125 
Hepatitis 

. 

(Non A Non B) 7 3 4 2 1 - - - 17 
Viral ! 

Hepatitis ' 

Non Specified 36 45 33 34 36 - - 130 314 ! 

Viral ! 

Hepatitis 

Tetanus 0 0 0 1 1 - - 0 2 

Tetanus . 0 0 0 0 0 - - 0 0 
Neonatorum 

Whooping 25 0 2 0 0 - - 0 27 
Cough 

Measles 6 9 13 16 12 - - - 66 

Rubella 31 46 1'11 76 122 - - 1 377 

Mumps 56 91 105 99 189 - - 1 541 

Chickenpox 289 284 3!4 401 751 - - 3 2,079 

Endemic 0 0 0 1 0 - - 0 1 
Typhus 

-

u (J (j 
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Table 10 

Malaria 49 51 59 83 94 - - 2 338 
(Imported) 

Filariasis 1 1 1 1 13 - - 0 17 
(Imported) 

Brucellosis 10 12 22. 40 60 - - 0 148 

Meningococcal 2 0 0 0 0 . - - 0 2 
(A) 
Meningitis 

Meningococcal 2 1 1 2 1 - - 0 1 
(B) 
Meningitis 

Meningococcal 0 1 0 1 0 - - 0 2 
(C) 
Meningitis 

Meningococcal 1 0 0 2 1 - - 0 4 
Wl35 
Meningitis 

Meningococcal 0 0 1 0 0 - - 0 1 
Meningitis 
Not Specified 

Meningococcal 0 0 0 0 0 - - 0 0 
(A) Carrier 

Meningococcal 4 0 0 0 
(B) Carrier 

0 - - 0 4 

. 
Meningococcal 1 0 0 0 0 - - 0 1 
(C) carrier 

IL. 1 0 0 0 ·o - - 0 1 
mening1t1!11s 
Wl35 Carrier 

-



Table 10 

Meningococcal 17 0 0 0 0 - - 0 17 
Carrier Not 

' specified 

Septic 17 15 11 10 10 - - 3 66 
Meningitis 

Aseptic 11 5 10 15 15 - - 1 57 
Meningitis 

Encephalitis 1 1 1 0 1 - - 0 4 

Infectious 1 0 0 1 0 - - 0 2 
Mononucleosis 

scarlet Fever 11 1 11 11 15 - - 0 49 

Herpes Zoster 4 3 0 0 0 - - 0 7 

Erysipelis - - - - - - - - -
Upper 63 39 46 27 41 - - - 216 
Respiratory 
Infection 

Leprosy 1 1 3 0 3 - - 0 8 

Staphylococca 1 52 0 ,0 4 - - 0 10 
1 Carrier I 

Exanthum 1 0 0 0 0 - - 0 2 
subitum 

cutaneous 2 0 0 0 0 - - 0 2 
Leishmaniasis 

Giardiasis 11 19 17 17 17 - - 1 82 

Notified 158 220 180 238 372 - - 39 1,207 
Diarrhea 

Lead 0 0 0 0 
Poisoning 

0 .,_ - 0 0 

0 0 0 



0 u 0 
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Table 10 

HIV 0 0 0 0 0 - - 1 1 

Sore Throat 0 0 0 0 0 ' - - 1 1 

Fever for 0 0 0 0 0 - - 1 1 
Investigation 

' 

Animal Bites 0 0 0 0 0 - - __!_ --- --- _1.:_ -- I ·-·--~ 

Source: Ministry of Public Health,Kuwait 



SCHEDULE OF I!-!MUNIZATIOS I:i 
FOR CHILDREN UP TO FIVE YEARS 

-- --~~e ___ . __ Immunization 

Pre~nant Women Tetanus Toxoid 
last trimester) 

2nd day OPV I Type I l 
HBV llst dose) 

3rd month OPV I Type I l 
HBV I 2nd dose) 
DPT llst dose) 

4th month OPV I Types I, II, III I 
DPT I 2nd dose l 

5th month OPV (Types I, II, III I 
DPT i3rd dose! 

6th month OPV I Types I,II,IIII 
HBV 13rd dose) 

12 months Measles vaccine 

18 months OPV I Types I,II,.IIII 
DPT I booster dose) 

2-4 years Mumps., rubella 

2.5 years OPV I Types I, II, III I 

3.5 ~:ears OPV I Types I,II,IIIl 
DPT I booster dose) 

3-6 years BCG 

4.5 to 5 ;-.·ears OP\' I Types I,II,I!Il 

PHC = Pr~ventive Health Center 
MCH = Maternal and Child Health Center 
SHY = School Mass Vaccination Survey 

Source: Ministry of Public Health, Kuwait 

Table 11 

KL'w.-\ IT (J 
OF AGE 

Locaqon 

PHC, Hospitals, MCH 

PHC, Hosp1tals 

PHC 

PHC 

PHC 

PHC 

PHC 

PHC CJ 
PHC 

PHC 

PHC 

SMV, BCG Centers 

PHC 

.·~ 
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0 L) 0 
IH~IUfllzrtTIOtl IN KUI>IRIT (1977 - 1989> Table 12 

Vaccinl!lllion Nu.nber 1909 1988 1987 1qoe. 1985 198 .. 1983 1982 1981 1980 1979 1978 1977 

[ITP lsl Dos 602'H ~)l),~(:.!j ()0993 G:Jj06 65392 63157 56520 590% 511106 56669 52233 67211 f,826'3 
2nd Oos 61746 5fH3B 6::'049 61139 61881 59309 53615 57700 56•1l9 52769 16219 51793 E.~5L? 

3rd Oo:s 64008 ~\9879 Y321i 62E .,8 62727 60757 55132 59330 555H 52530 1695 ... 5D003 73018 
Boos ler 1 05~'t:tb 9113 .. 97836 96€ l1 95121 90903 75199 76360 (.0(189 58080 .. 7067 61158 42911 

Polio lsl llos 60-4.~2 ::.8902 61~101 6 .. -t32 67555 65906 5%81 6H01 (:.5099 696'39 65125 83~o3b 91029 
2nd Dos 61913 ~•EibbS 627Bb 61701 G37f>6 60501 55116 fo0530 62433 63776 57588 66512 87563 
3rd Oos 64<'07 59~162 63555 63018 63422 61626 55918 620~0 &6072 67251 16079 [II; 387 108006 
Hh Dos 6f.l8'3':l t."31lfl I 7)053 73808 7 .. 007 fo8073 59910 67809 72.:157 fo9243 '50981 30·13 
8oo:sle·r 181055 1671;00 I 0~11H2 188221 200502 19 I .. 63 I i'!J965 I 9955.. I 05950 170635 I 25077 I 3'.H'l8 8~1'303 

r·1easles 53 .. 3 .. 50205 5'3'31 I 63555 668 .. 1 70169 61172 51316 3b!i28 32099 31155 567~10 30005 

Telanus 1st: Oos 11247 10801 30b05 29-t4i 31263 56105 36003 .. 7123 3~U102 50545 .. 1589 5052:1 30101 
2nd Oo:s 17173 I 7391 19St.2 16850 21179 21555 li694 22147 22572 22960 22502 2-?::H~ lfo505 
3rd Oos 13716 I 1495 I WOO 1&237 1292'1 7107 7197 7001 21)7 1326 5362 4751) 3598 
Boosler 32373 9082 1032':1 7302 3599 1900 2969 1622 1"11J!l 1241 1022 :1745 2-t~ 

Source: Ministry of Public ~ealth, Kuwait. 
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Number 

tsl Oos 
2nd Oos 
3rd Oos 
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3r·d Dos 
1lh Oos 
Boost.er 

Jan. 

5661 
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1621)1 

Feb. 
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5186 
7801 

5027 
4'H3 
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55-11 

11213 

~lar. 

5763 
6066 
6271 

10082 

5763 
6080 
6275 
1)~)99 

18099 

• 
lmmuniz.~liOn i.n Kut.~ail, 1989 (By Months) 

Apr." 

~J61 
5266 
5508 
a; 17 

1879 
5279 
5508 
5135;? 

15571 

May Juneo 

5038 
5235 

. 5690 
0711> 

5041 
$~-f7 

5691 
6111> 

15111> 

1159 
1886 
5288 
8185 
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H273 

July Aug. Sepl. 
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151>7 
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1150 
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Nov. 
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Polio Vaccine 

Number 

1st Oo~ 
2nd Oo:s 
3rd Oos 
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1st Oos 
2nd [los 
3r-d Oos 
~th Oos 
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Polio Ole~.o1 Dor·n) 

He.5sles 

ll.T .. Var.:cine 

f·1.R .. Vacc·ine 
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f·11J111ps 
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0 
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.. 

Diseases 

Hepatitis A 

Hepatitis B 

Mwnps 

Meningitis 

Dog Bites 

Diarrhea 

Fever 

REPORTED COMMUNICABLE DISEASES 
KUWAIT JANUARY - MARCH 9, 1991 

January February March 

144 9 22 

0 0 l 

l l 0 

0 l 0 

l 0 0 

0 0 5 

0 0 l 

Source: Ministry of Public Health, Kuwait 

Table 15 

CJ 

Total 
. 

175 

l 

2 

l 

l 

5 

l 



'I'a'cle 16 

() HEPATITIS A 
KUWAIT BY YEAR 1988 - MARCH 9, 1991 

YR J F M A M J ~ A s 0 N D TO 
T 

88 ll 14 17 25 29 31 40 10 25 30 12 93 17 
4 3 8 9 1 8 4 06 

89 89 10 39 59 36 47 54 96 22 29 12 14 13 
1 2 5 9 2 09 

90 23 16. 24 10 32 - - 13 12 
1 6 8 6 7 0 08 

91 l4 9 22 
4 

HEPATITIS B 
KUWAIT BY YEAR 1988 - MARCH 9 1 1991 

YR J F M A M J J A s 0 N D TO 
T 

88 29 24 24 19 25 16 28 31 44 28 4 32 30 
4 

89 20 17 31 19 24 21 12 43 23 59 23 15 31 
2 

90 35 30 27 28 15 - - 0 0 0 0 0 12 
5 

91 0 0 1 

Source: Ministry of Public Health, Kuwait 

() 
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FIGURE 2 

ORGANIZATION OF PUBLIC HEALTH DURING THE IRAQI OCCUPATION, AUGUST 1990 - JANUARY 1991 

PUBLIC HEALTH GENERAL 
I 
I 

~----------~--------------~--~~-----r-----------· I 
Section of Section of Section of Section of Section of 
Technical Administrative Preventive Financial Pharmaceuticals 
Affairs Affairs Health and Affairs and Medical 

Environmental Equipment 
Protection 

I r-- --- -----1-- .-- ---1--------..--------r-
Unit of Unit of Unit of Unit of Unit of Unit of 
Environmental Communicable occupational Public Health Primary 
and Diseases Health Health Education Health 
Radiation Laboratories Care 
Protection 



FIGURE 3 

ORGANIZATION OF KUWAIT MINISTRY OF PUBLIC HEALTH AS OF MARCH 16, 1991 

Minister of Public Health (Dr. Abul Wahab AL-Fozan) 

I 
Undersecretary of The Ministry of Public Health (Vacant) . I 

Assistant Secretary for Public Health Affairs (Dr. Ali AL-Saif) 

Department of 
Environmental 
Health 
Director: Mr. 

Ibrahim Hadi 
Assistant: Dr. 

Mohammed Yousif 

u 

I 
·------- -- .----

Department of 
Public He,Alth 
Director: Dr. 

Rashed AL-Owaish 

Department of 
Health Education 
Director: Dr. Yousif 

AL-MOUI!Ie.n 

u 

Department of 
International 
Health 
Director: Dr. Abul 

. Latif AL-Zaid 

0 
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FIGURE 4 

ORGANIZATION OF THE DEPARTMENT OF PUBLIC HEALTH 

Department of Public Health 
Director: Dr. Rached AL-Owaish 

I __ T_____ I 

Radiation Public Port Preventive International Rodent and 
Protection Health Health Medicine Health Insect 
Division Laboratories Division Division Division Control 
Chief: Dr. Chief: Mr. Chief: Dr. Chief: Dr. Chief: Dr. Division 
Yousif Bagen Yagoob Rached Jaffar Dawood Abul Latif Chief: Dr. 

AL-Motaweh AL-Owaish Assistant AL-Zaid Mohammed 
Dr. Adnan Balbah 
AL-Garabaly 

I ----.-- - I 
Epidemiology Unit Environmental Unit Nutrition Unit 
Chief: Dr. Abdul Amir ·chief: Dr. Tareq AL-Dowesan Chief: Dr. Zamzam AL-Kalidar 
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HEALTH DISTRICTS AND DISTRICT DIRECTORS 

DISTRICT 

Capital (Amiri District) 

AL-Ahmadi District 

Hawalli District 

Farwaniya District 

AL-Jahra District 

AL-Sabah Region for Specialized 
Services 

r·- -\ 
u 

DISTRICT PIRECTQR 

Dr. Ahmamed AL-Aiaf 

Dr. Abdulla Hamadi 

Dr. Abdul-Razak AL-Bahar 

Dr. Suliman AL-Fallah 

Dr. Rashid AL-Roshood 

Dr. Salah AL-Ategi 

FIGURE 5 
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PI STRICT 

Capital (Amiri) 

AL-Ahmadi 

Hawalli 

Farwaniya 

AL-Jahra 

AL-Sabah 

0 0 

FIGURE 6 

HOSPIT\LS AND HOSPITAL DIRECTORS BY DISTRICT 

HOSPITAL 

Amiri Hospital 

Adaan Hospital 

Mubarek Hospital 

Farwania Hospital 

Jahra Hospital 

PI RECTOR 

Dr. Ahdy AL-Ghanim 

Dr. Adnan AL-Edan 

Dr. Yousef AL-Nasif 

Dr. Ali AL-Fowderi 

Dr. Abdul Raoof AL-Jahari 

Specialty Hospitals Dr. Salah AL-Ategi 
Allergy Center · 
Audiology Center 
Burns and Plastic surgery center 
Cancer Control Center 
Chest Hospital 
Gynecology-Maternity Hospital 
Infectious Disease Hospital 
Islamic Medicine Center 
Neurosurgery center 
Ophthalmology Hospital 
orthopedic Hospital 
Pediatric Hospital 
Physiotherapy Center 
Psychiatric Hospital 
Transplantation Center 



Attachment 1 

water Team Accomplishments 

1. Accompanied Army ·Engineers to assess damage to the Schwaiyk 
Desalination Water Treatment Plane. 

2. Met with Mr. Nasser, Deputy of the Ministry of Electricity and 
Water, and Or. Fatima AL-Awad, Director of the Water Resource 
Development Centre. A plan was established to test all of the 
existing reservoirs which provide water to Kuwait City and 
surrounding communities. The water would be tested for 
lewesite, mustard, cyanide, nerve agent, and arsenic. Samples 
were collected at the following reservoirs: 

3. 

Mutla LOw, Mutla High, West Finatas, Doha, Subhan 

one positive lewesite sample came from Mutla High. It was 
thought to be an error in sampling and was retested the 
following day and found to be negative. 

The Navy and Army Water Team visited the water testing 
laboratory at the.Water Resources Development Centre (WRDC). 
The staff of the WRDC was taught.how to use the M-272 water 
chemical test kit and the Millipore Filter Water 
Bacteriological Field Test Kit. Seven (7) M-272 kits, one (1) 
Field Bacti kit from the Navy team, and one (1) Field Bacti 
kit from the Army, along with the bulk of the Navy Millipore 
Water Testing supplies were transferred to the Director, WROC, 
for use in conducting water analysis. Humanitarian efforts by 
the Navy Water Team were concluded at this point. 

Assessment 

Given the equipment and training provided the WROC, adequate water 
tasting may be accomplished until such time as the WRDC is 
:.~upp~~cd and returns to normal operation. 
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Attachment 2 

Vector Control Report of 5 March 1991 

1. LTC Lambrinos, LCDR Schultz, LT Lluberas, Cpt Leonard, and 
several vector control technicians met with Osama Omar EL-Ruby 
(head of Rodent Control) and Dr. Ibrahim Hadi, Director of the 
Environment Protection Department, Ministry of Public Health. 
The meeting took place at the Pest Control Garage main office 
in the Industrial Area near AL-Mina and the 4th ring road. 

2. Mr. EL-Ruby described their limited work during the occupation 
as mainly supporting five hospitals in rodent and cockroach 
control. ·Most of their vehicles and nearly all of their 
pesticides were stolen. He described how all of their 
pesticide mixing equipment was carefully removed and flown to 
Iraq. 

3. A tour of the facility was then conducted. Areas such as 
record keeping, which were of no use to.the trespassers, was 
badly trashed. The pesticide storage garage was empty with 
the exception of a small amount of rat bait. several vehicles 
were present but had their tires removed or were damaged in 
some way. They had six truck-mounted ultra-low volume 
machines. 

4. They reported that on 9 March about 116-120 previous employees 
would be returning to work. Most of these people had 15 years 
experience in pest control:. By that date, 'Mr. EL-Ruby said 
they should have completed their assessment on how much 
equipment and supplies were available for their use. 

5. We discussed with them the amounts and kinds of pesticides and 
equipment we brought and was available for them to use. The 
pesticides would be enough for a 14-day supply for their teams 
until additional pesticides could be purchased. Most of the 
equipment in our inventory is similar to that which they used 
before the invasion, so only refresher training would be 
needed. 

6. Mr. EL-Ruby said that there were no immediate vector control 
problems that needed spraying by our team. He mentioned that 
they had a 3-month plan for resuming operations. · 



Attachment 3 

Entomology Team Accomplishments 

1. Visited hospitals and interviewed doctors on· prevalence of 
vector-borne diseases. No vector-borne diseases were reported 
in Kuwait during the occupation and they gave no indication 
that any would be a likely problem. 

2. Acquired body bags and delivered them to several hospitals in 
which morgue storage facilities had been exceeded. 

3. Provided vector control in morgues for flies, and at the u.s. 
Embassy.and airport for mosquitos. 

4. Visited pesticide distributors in Damman; got availability and 
price information. Developed a suggested list of pesticides 
vith amounts that the contractor should purchase to restock 
the Kuwait Pesticide Garage. 

s. Performed assessment of the Pest control Garage. Reviewed 
their activities for the past 7 months. Of special note was 
removal of their pesticide mixing equipment which was flown to 
Iraq. Also noted was the nearly complete removal of their 
pesticide supplies and vehicles used for spraying. 

6. Assisted the Ministry of Health in an overall assessment of 
the pest and.vector situation. Overall conclusion is that 
although there are minor local fly and mosquito problems, the 
city is in very 'good shape. · · 

7. An extensive amount of 
equipment, and general 

transferred from our team to 

pesticides, pesticide spraying 
laboratory equipment has been 
the Kuwait Pest control Garage. 

Assessment 

Mr. Osama EL-Ruby, head of the rodent control division, reported 
that on 9 March about 120 previous employees would be returning to 
work. These are experiences pest control workers averaging about 
15 years on the job. Since during the occupation most of the 
pesticides and equipment were stolen, we felt that the greatest 
help we could provide was to transf~r our pest control supplies and 
equipment to them. we discussed pest control priorities and agreed 
that there should be fly control in areas where garbage had been 
previously piled. Mosquito, roach, and rodent control would be 
responded to on the basis of public complaint. Sa;~itation was 
stressed as the key to returning things back to normal. We feel 
confident that the pest control garage, with their experienced 
workers and the addition of our pesticides and equipment, will 
quickly return to the effective service that it previously 
provided. 

() 
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Attachment 4 

Epidemiology Team Accomplishments 

1. Hospitals were visited and needs were assessed. 

2. Arrangements were coordinated for the delivery of water to the 
hospitals. In some cases, supplies of bottled water were 
delivered to the outlying hospitals such as the Infectious 
Disease Hospital which had a small in-patient population (five 
persons). 

3. Meetings were held at the Ministry of PUblic Health and their 
disease surveillance program was discussed., 

4. Delivery of some supplies requested by the hospitals was 
accomplished. 

s. Epidemiology Team members participated in other activities of 
the 352nd civil Affairs Command, such as the identification of 
sites where animal herds were without water, assessment of 
displaced civilians returning from Iraq, and evaluation of 
problem areas, such as refuse disposal. 

Assessment 

The overall health of the population of Kuwait City w.as good as a 
result of optimal health care during the period preceding .. the 
occupation. The relatively short duration of the occupation and 
the ground war was a factor in the minimal degradation of the 
health and nutritional status of the population. The cool season 
·of the year, which limited the opportunity for vector breeding, 
helped · to minimize the potential for vector-borne disease. 
Although the ability to conduct surveillance had been degraded 
during recent months due to severe limitations on communication and 
transportation, the basic reporting mechanisms were still intact. 
The efforts to keep up with immunization and basic public health 
services were impressive. 

It is apparent that as soon as the basic services of electricity, 
water, and communication are restored, that mechanisms are in place 
for resuming health care and public health service at a high level. 
The Ministry officials and·physicians are among the most highly 
training professionals in the world. Probably one of the more 
difficult challenges will be to obtain adequate numbers of service 
personnel who can restore systems, orderliness, and cleanliness to 
the hospitals, clinics, and other public institutions. 
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15 MARCH, 1991 

RESULTS OF INFECTIOUS DISEASE SURVEILLANCE IN KUWAIT CITY, 
5 MARCH - 15 MARCH, 1991 CONDUCTED JOINTLY BY MUBARAK HOSPITAL 
LABORATORY (DR KAMAL ELHAG AND DR AWAD EL-MEKKI) AND NAVY FORWARD 
i.ABORATORY 

BACKGROUND: 

. • DURING THE PERIOD OF 5 MARCH - 15 MARCH, 1991 MUBARAK 
HOSPITAL LABORATORY (DR KAMAL ELHAG AND DR AWAD EL-MEKKI) IN· 
COLLABORATION.WITH THE NAVY FORWARD LABORATORY CONDUCTED 
INFECTIOUS DISEASE SURVEILLANCE IN MAJOR, KUWAIT CITY HOSPITALS 
TO DETEI<MINE THE POST-WAR ETIOLOGY AND INCIDENCE OF ACUTE ','J 
DIARRHEA AND HEPATITIS. 

METHODS: 

DIARRHEAL STOOL SPECIMENS AND SERA FROM PATIENTS WITH 
SYMPTOMS OF ACUTE HEPATITIS WERE COLLECTED DAILY FROM ALAMIRI 
HOSPITAL, SABAH HOSPITAL, PEDIATRIC HOSPITAL, THE INFECTIOUS 
DISEASES HOSPITAL AND MUBARAK HOSPITAL (SOME DIARRHEAL S100L 
SPECIMENS WERE FROM KUWAITI DETAINEES HELD IN IRAQ). DIARRHEAL 
STOOL SPECIMENS WERE CULTURED FOR SHIGELLA SP., SALMONELLA SP., 
CAMPYLOBACTER SP., AND VIBRIO CHOLERAE 01. LT PRODUCING 
ENTEROTOXIGENIC E. COLI WERE IDENTIF~ED USING A DNA PROBE. 
DIARRHEAL STOOLS WERE ALSO EXAMINED FOR PATHOGENIC PARASITES. 
SERA FROM PATIENTS WITH CLINICAL SYMPTOMS OF ACUTE HEPATITIS WERE 
TESTED FOR THE PRESENCE OF IgM ANTIBODY TO HEPATITIS A VIRUS AND 
IgM ANTIBODY TO HEPATITIS B VIRUS CORE ANTIGEN. 

RESULTS: 

A TOTAL OF 49 DIARRHEAL STOOL SPECIMENS WERE COLLECTED. 
THERE WERE 13 SHIGELLA SP. , 8 CAMPYLQBACTER SP. , 2 SALMONELLA 
SP., AND 7 VIBRIO CHOLERAE 01 OGAWA ISOLATES. THE SPECIES OF. THE 
SHIGELLA ISOLATES ARE SHOWN IN TABLE 1. 

OF THE 7 PATIENTS WITH VIBRIO CHOLERAE 01, OGAWA ISOLATED 
FROM THEIR STOOL, 4 PATIENTS 'HAD LEUCOCYTES IN THEIR STOOL. ·'.'] 
CAMPYLOBACTER SP. AND SHIGELLA DYSENTERIAE WERE ISOLATED FROM TWO 
OF THE' PATIENTS WITH LEUCOCYTES IN THEIR STOOLS. THESE PATIENTS 
WERE LIKELY VIBRIO CHOLERAE 01, OGAWA CARRIERS. OF THE REMAINING 
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3 PATIENTS, 1 PATIENT HAD 100,000,000 VIBRIO CHOLERAE 01, OGAWA 
ORGANISMS PER ML OF STOOL AND WAS LIKELY A CASE OF CHOLERA 
DIARRHEA. THERE WAS NO EVIDENCE OF PATHOGENIC PARASITES. THESE 
RESULTS ARE SUMMARIZED IN TABLE 1. 

NINE SERA WERE OBTAINED FROM PATIENTS WITH CLINICAL SYMPTOMS 
OF ACUTE HEPATITIS. OF THESE SERA, 8 WERE POSITIVE FOR IgM 
ANTIBODY TO HEPATITIS A VIRUS AND 1 ·PATIENT HAD NON A, NON B 
HEPATITIS. THESE RESULTS ARE SUMMARIZED IN TABLE 1. 

FIGURE 1 COMPARES NUMBERS OF ENTERIC ISOLATES BY SPECIES 
BETWEEN MARCH, 1990 AND 5 MARCH - 15 ~CH, 1991. THERE IS AN 
APPARENT INCREASE IN THE NUMBER OF ENTERIC PATHOGEN ISOLATES 
WHICH IS NOT OF EPIDEMIC PROPORTIONS AND WOULD BE EXPECTED DUE TO 
CURRENT CONDITIONS IN KUWAIT CITY. 

,. TABLE 2 SHOWS THE ANTIBIOTIC SENSITIVITY PROFILE OF 
BACTERIAL ISOLATES FROM DIARRHEAL STOOLS. SHIGELLA GROUP A 
ISOLATES WERE SENSITIVE TO ALL ANTIBIOTICS TESTED IN VITRO. THE 
SHIGELLA GROUP B ISOLATES WERE ALL RESISTANT TO AMPICILLIN AND 8 
OF 9 ISOLATES WERE RESISTANT TO CHLORAMPHENICOL, DOXYCYCLINE AND 
SULFATRIMETHOPRIM. ALL SHIGELLA GROUP B ISOLATES WERE SENSITIVE .. 
TO THE QUINOLONE, NORFLOXACIN. THE 7, VIBRIO CHOLERAE 01,:0GAWA 
ISOLATES WERE SENSITIVE TO ALL ANTIBIOTICS TESTED. ALL 
BACTERIAL PATHOGENS ISOLATED FROM DIARRHEAL STOOLS WERE SENSITIVE 
IN VITRO TO THE QUINOLONE ANTIBIOTIC, NORFLOXACIN. 

SPE~IAL NOTE ! ! ! 

EXTREME CARE SHOULD BE TAKEN IN THE INTF"PRE':!,':'ION OF THE 
ISOLATION OF VIBRIO CHOLERAE 01, OGAWA FROM STOOLS. IT IS LIKELY 
THAT 4 OF THE 7.PATIENTS FROM WHICH ~BRIO CHOLERAE 01 WAS 
ISOLATED WERE CARRIERS SINCE THEY HAD LEUCOCYTES IN THEIR STOOL 
AND ANOTHER ENTERIC PATHOGEN CAUSING INVASIVE DIARRHEA WAS 
ISOLATED. IN AT LEAST ONE OF THE PATIENTS WHERE A HIGH NUMBER OF 
VIBRIO CHOLERAE 01, OGAWA (100,000,000 ORGANISMS PER ML OF STOO~ 
CONSISTANT WITH CHOLERA DIARRHEA) ORGANISMS WAS ISOLATED IT WAS 
LIKELY THAT THIS ORGANISM WAS THE CAUSE OF THE RESULTANT 
DIARRHI~A. THE ISOLATION OF VIBRIO CHOLERAE 01, OGAWA DOES NOT 
SIGNIFY AN EPIDEMIC OR THE START OF AN EPIDEMIC.HOWEVER. 
CONTINUED SURVEILLANCE IS IMPORTANT. • 

DR KAMAL ELHAG LCDR JAMES BURANS 

~~-
DR AWAD EL-MEKKI LT SCOTT THORNTON 
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RESULTS OF DISEASE SURVEILLANCE IN KUWAIT CITY 
HOSPITALS, 5 MARCH -. 15 MARCH, 1991 

NUMBER OF DIARRHEAL STOOL SPECIMENS COLLECTED • 49 

SPECIES 

SHIGELLA GR A 
SHIGELLA GR B 
SHIGELLA GR C 
SHIGELLA GR D 

CAMPYLOBACTER SP. 

SALMONELLA SP. 

VIBRIO CHOLERAE 01, OG.M9\ 

II OF ISOLATES 

2 
10 

0 
' 1 

6 

2 

7 

NUMBER OF SERA COLLECTED FOR HEPATITIS SEROLOGIES • 9 

SEROLOGICAL ASSAY 

HEPATITIS A lgM 

HEPATITIS B CORE lgM · 

II POSITIVE 

8 

0 

• 1 SERUM PROBABLE NON A, NON B- HEPATITIS 

MUBARAK HOSPITAL LAB AND NAVY FOR'N\RD LAB 

0 u 
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ANTIBIOTIC RESISTANCE PROFILES OF ENTERIC 
PATHOGENS FROM KU~IT CITY 5-15 MAR, 1991 

ANTIBIOTIC 
ISOLATE 

· #OF 
ISOLATES NOR C AM DOX SXT 

SHIGELLA 
GROUP A 2 0 0 0 0 

SHIGELLA 
GROUP B 9 0 8 9 8 . ~· 

·SHIGELLA 
GROUP D 1 0 .Q 0 1 

CAMPYLO-
BACTER SP. 6 0 

! 
·O 1 . 0 

SALMONELLA 
SP. 2 0 0 0 2 

V. CHOLERAE 
01, OGI'WA 7 0 0 0 0 

NOR•NORFLOXACJN, C•CHLORAMPHENJCOL, AM•AMPICJLLIN 
DOX•DOXYCYCLJNE, SXT•SULFATRIMETHOPRIM 

0 

8 

0 

5 

.o 

0 

}1'/fJL€::). 
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RESULTS OF DIARRHEAL STOOL CULTURE AT 
MUBARAK HOSPITAL 

MAR, 1990 

~ SHIGELLA SP. 

- SALMONELLA SP. 

·5 MAR·- 15 MAR,1991 
MONTH AND YEAR 

u 

~ CAMPYLOBACTER SP. 

0 V. CHOI:-ERAE 01,0GJIW\ 

0 



MEMO 

FROM: NAVY FORWARD LABORATORY 

SUBJECT: DAILY REPORT 

Attachment 6 

15 MARCH, 1991 

ENCL: PROTOCOL FOR IDENTIFICATION OF V. CHOLERAE 01 CARRIERS 

1. 1 DIARRHEAL STOOL SPECIMEN FOR CULTURE AND NO SERA FOR 
HEPATITIS SEROLOGIES WERE RECEIVED. 

2. THERE IS NO EPIDEMIC INFECTIOUS DISEASE IN KUWAIT CITY AT THE 
CURRENT TIME. . 

3. 'THE NAVY FORWARD LABORATORY TEAM HAS DRAFTED A PROTOCOL WITH 
DR KAMAL ALHAG, DIRECTOR LABORATORY SERVICES, MUBARAK HOSPITAL 
FOR THE IDENTIFICATION OF VIBRIO CHOLERAE 01 CARRIERS TO SIMPLIFY 
LABORATORY WORKUP AT MUBARAK '30SPITAL (ENCL 1 l. MEDIA AND 
REAGENTS FOR PROCESS!NG 400 SPECIMENS HAVE BEEN PROVIDED AND 
PREPARED. 

4. THE NAVY FORWARD LABORATORY TEAM WILL DEPART KUWAIT CITY ON 
SUNDAY, 17 MARCH, 1991 TO AL JUBAIL, SAUDIA ARABIA. 

5. A FINAL REPORT OF THE JOINT INFECTIOUS DISEASE SURVEILLANCE 
CONDUCTED BY THE NAVY FORWARD LABORATORY AND MUBARAK HOSPITAL 
LABORATORY qAs ~EEN PREPARED. THIS REPORT HAS BEEN PROVIDED TO 
DR KAMAL ELHAG, DIRECTOR OF LABORATORY SERVICES, MUBARAK 
HOSPITAL, DR ALKHANDARI, EPIDEMIOLOGIST, KUWAITI TASK FORCE, DR 
BASHIR, DIRECTOR OF LABORATORY SERVICES, KUWAIT MINISTRY OF 
HEALTH, CAPT JOHN ANDREWS, USPHS, KUWAITI TASK FORCE AND LTC 
MCNAUGHER. 

6. IF A SITUATION DEVELOPES THE NAVY FORWARD LABORATORY CAN BE 
CONTACTED IN AL JUBAIL, SAUDIA ARABIA, THROUGH 24 MARCH, 1991 AT: 

AL JUBAIL COMMERCIAL TEL # 341-0912 

1 



AFTEF: THIS TIME INFECTIOUS DISEASE LABORATOF:Y SUF·F'ORT CAN BE 
.OBTAINED THF:OUGH CONTACTING: 

CAF'T MICHAEL KILPATRICK, MC, USN 
COMMANDING OFFICER 
NAVAL MEDICAL I}ESEARCH UNIT No, ..;, 
CAIRO, EGYF'T 

COMMEF:CIAL TEL # 0<)2<)2-284-1375 
TELEX 23035 NAMRU UN 

OF: CABLE THF:OUGH US E~lBASSY TO US EMBASSY, CA I F:O 

6- ._~I;.._< 

LCDR JAMES BURANS 

LT SCOTT THORNTON 
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PROCEDURE FOR THE IDENTIFICATION 
OF VIBRIO CHOLERAE 01 CARRIERS 

STOOL SPECIMEN 
OR RECTAL SWAB 

INNOCULATE ALKALINE 
PEPTONE WATER, PH 8.5 

! INCUBATE 6 HR, 37 C 

SUBCULTURE ON TCBS AGAR . 

. ! INCUBATE 16 - 18 HR, 37 

SUBCULTURE SUCROSE POSITIVE 
COLONIES ON GRIDDED TSA 

! INCUBATE 3 ~ 4 HR, 

PERFORM OXIDASE TEST ON EACH 
EACH COLONY . 

! 

37 c 

OXIDASE POSITIVE COLONY 
SEROTYPE WITH VIBRIO CHOLERAE 01 

POLYVALENT TYPING SERA 
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EXECUTm SUMMARI 

HEALTH 

The health care system in Kuwait had until August 1991 
achieved levels of quality and coverage which compared favourably 
with those of most industrialized countries. 

The invasion and subsequent occupation of the country 
affected it severely in at least two ways. Firstly, it caused 
the departure of large numbers of health professionals, in 
particular those who represented the very heart of the health 
care structure • m!rses and other allied health personnel. Their 
numbers shrunk to about 20% of their initial levels, creating 
major difficulties in appropriately managing curative and 
preventive services. 

Secondly, it disabled the provision of quality medical 
investigations and care by crippling the electro-medical 
equipment, key elements of which were removed, damaged or 
rendered unusable by the lack of maintenance and repairs. 

By the end of the occupation period; only urgent medical and 
surgical care could be provided by a nucleus of remaining staff 
who had to rely largely on their clinical skills to diagnose and 
treat patients, deprived as they were of the solid biomedical 
and X-ray supports they once had. Generally, health care 
facilities did not suffer major structural damage but certain 
facilities, among them the kidney and gastroenterology centres 
and the Institute of Islamic Medicine, were subjected to complete 
internal destruction. 

The Primary Health Care network, which used to rely on 72 
polyclinics in the country, had only 11 of them operating at the 
time of the visit of the mission. The challenges facing the 
health structure in providing medical and public health ser>•ices 
were compounded by mounting environmental hazards related to air. 
water and sea pollution and. most critically, the widespread 
presence of explosives and land mines. 

L_------------------------------------------------------,continued-------------" 
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An emergency response plan was elaborated in March 1991, 
jointly by the Ministry of Public Health and the World Health 
Organization team. The plan, which covers a period of 3 months 
from April to June 1991, aims at providing essential health 
services to the population presently in the country and preparing 
for the return to Kuwait of displaced nationals. 

The following ten programme ~reas have been identified which 
require immediate action: 

Health Care Infrastructure 
Surveillance 
Environment Health 
Disease Prevention and Control 
Psychological Trauma 
Essential Drugs 
Diagnostic Facilities and !lood Bank 
Health Information and Education 
Emergency Medical Services 
Management and Coordination 

During the three month emergency response and rehabilitation 
period, steps will be taken to formulate a medium term health 
development plan, as based on policies concerning such issues as 
the provision of health car•. and imo: igration which are under 
review. 

In addition to resources made available by Kuwait, funds are 
required to begin operations without delays at a time when the 
national administrative structure does not yet enable these 
resourc~s to permeate the entire system. 

The present plan proposes a set of short term objectives, 
targets and activities which will require technical support from 
YHO, other UN agencies, multilateral, bilateral or private 
groups. 

The budget figure of US$ 4 100 000 covers the cost of this 
technical expertise and of some urgently required supplies and 
equipment. 
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EMERGENCY RESPONSE AND REFJffiiLI7A!!O~ IK THE HEALTH SECTOR 

With a crude death rate at 2.4/1000, an infant mortality rate at 

16.3/1000 live births , and a life expectancy at birth of 71.2 years and 75.5. 

years for males and females, respectively, Kuwait had until August 1990 

achieved one of the highest health standards in the world. As communicable 

diseases and other main contributc;rs to childhood morbidity and mortality were 
brought under control, the national health, services had gradually expanded 

their scope by creating diagnostic and treatment facilities for non

communicable diseases which required a constantly increasing level of 

technical sophistication and amount of resources. !his was reflected by the 

number and the quality of fired health facilities, the efficiency of the 

emergency medical care and the creation of centres specializing in such areas 

as oncology, nephrology, organ transplant, open-heart surgery and neonatology. 

The 6 regional and 9 specialized hospitals, the 72 health centres and several 

medico-social institutions in the countrt were providing medical, surgical, ~~ 
Jental care and rehabilitation services to the egtire population, free of 

charge. Private health facilities were completing this extensive network. 

Over 9900 nurses (of which 90% we~e foreign workers) and more than 3200 

physicians (of which 80% were foreigners) were providing these services, with 

a ratio of physicians and nurses to p~pulation which compared favourably with 

most industrial countries in the world. A large proportion of highly trained 

manpower is no longer in the country. 

It is against this background t~at the i~vasion of Kuwait took place. 

Its immediate effects were the departure from the country of thousands of 

foreign health workers, followed by the destruction or the removal by the 

occupying forces of large amounts of equip:::ent and supplies, particularly in 

hi-tech fields. 

At the time of this WHO emergency response and rehabilitation mission, 

Kuwait was faced with acute difficulties inherent to its prior dependency on 

expatriate health personnel - a major:: ty of who::: l:ad by now left the country. ·~ 

and with challenges created by an adverse environrr.ent. Health hazards 

.. ·-
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generated by the pollution of the air, the scarcity of water and the large 

amount of explosives scattered in and around populated areas were facing a 

population unprepared for a lifestyle closer to survival than to the secure 
environment it had known over the past decade. Of the six regional hospitals, 
one is closed due to shortage of nursing personnel, the non-availability of 
electricity and water. The others operate at reduced capacit7. in the range 

of 10-20% for most of them. The Mubara' Alkabeer Teaching Hospital which has 
saved most of its equipment but lost more than 60% of its staff has enroled 

volunteers and is currently functioning~at 48% of its total bed capacity. 
Only 3 of the 5 operating theatres are used, and only for emergencies, as 

water is scarce and the maintenance of equipment has been lacking for months. 

Only one of the six intensive care units is functioning at present. 

Elsewhere, the damage caused to the infrastructure. the removal of equipment, 

the reduction in labour force and the lack of electricity ar.d water have 

severely affected the provision of care. The Centre for Organ Transplant which 
bad a large kidney-dialysis capability bas come to a complete stop and will 

take months an~ large resources to rehabiiitate. The Cance• Centre has had to 
refer as many patients as it could to foreign countries, suspended surgical 

activities due to the lack.of water and electricity and reduced drastica~ly 
its provision of chemotherapy as the number of specialists in this !ield fall 

from 10 before August 1990 to only one today. The gastroenterology center. . . 
highly sophisticated diagnostic and treatmer.t centre adjacer.t to the ~1-Amiri 
hospital is closed and a large proportion of its initial equipment is d~Toaged 

or missing. 

Of the 72 pre-existing health cuntres, eleven are functioning with 
reduced staff, the others are closed. The ambulance services saw their pool 
of vehicles reduced from 170 to less thln 40, newly supplied multi-purpose 

vans. 

The number of dental chairs in the country fell from 350 to 180 at 
present and the number of dental surgeons from 350 to 110. 
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In spite of these major difficulties, the existing medical, surgical and 
dental facilities are coping with the most urgent needs of a population which 

is temporarily reduced in size, and which has at the moment a lesser demand 

for health care as a result of competing priorities in the restoration of 

normal livelihood. In the area of public health, immunization activities 
continued, albeit at a lower level than required, over the last 7 months. 

Power failures have however affected the cold chain for the storage of 

vaccines. Fresh stocks are needed, some of which were supplied together with 
basic cold chain elements shortly by UNICEF after the liberation of Kuwait. 
Vector control activities had been maintained for years at a high level of 
efficiency. They led for example to the dramatic reduction of the rodent 
population and the absence or low prevalence of certain vector borne diseases 

(malaria included) which are otherwise present in the region. The access of 
the population to safe (piped) water sugply, sanitation and solid waste 

disposal was close to 100%, creating a favourable environment. The 

unprecedented situation created by the burning of oil wells, or the 

unc:·:mtrolled spilling of oil over large areas is a matter of grave concern 
although preliminary analyses are reported to have shown low levels of acid 

forming gases in the smog flmanating from these fires. T:he short and long term 
effects of this pollution call for complementary monitoring systems, some 
aimed at ~he measurement of environmental parameters, others at the trend of 
selected diseases, signs or symptoms. The air and water monitoring stations 

are not yet operating due to lack of electricity.or the loss of equipment. 
The vast amount of live ammunition scattered throughout the country and the 
large number of mines in populated areas have resulted in a high number of 
injuries, particularly among children and adolescents. Reportedly, there are 
two or more such injuries from this cause every day. The pollution by mines 

is a particular concern at present but also in the context of the expected 
return·of a large part of the population, mostly unprepared for this risk. 
Finally, it has been suggested by a UNICEF child psychologists that the 
violence, stress and anxiety generated by the war have cause childhood trauma 

and loss which will require both short and long term rehabilitation 
programmes. Against the background, ~he Ministry of Public Health and a ~~o 
team elaborated a plan of action fer an emergency response period covering 

/ 
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three months. During this period, tte situation would be reassessed and 

further plans formulated. _The plan can be highlighted as follows: 

1. Health Care Infrastructure 

While electrical and ~ater supply are being 

restored gradually, there is an urgent need to verify, 

repair and put back i:tto operations the electro

medical equipment which has not been maintained or 

used for an extended period of time. The deficit in 

health personnel has to bn made up for. particularly 
in the nursing area where it has been estimated that 

680 nurses are now required to enable the health care 

system to meet the need of the population currently 

present in Kuwait. 

2. Surveillance 

The health impact of prevailin~ environmental 

hazards need to be monitored immediately and . . 
continuously. This applies to air pollution related 

health issues, water borne, food borne and vector 

borne ciseases and those eligible for immunization. 

Towards this aim, surveillatce sentinel sites should 

be chosen and a simplified, interim surveillance 

system designed which should produce information on 

trends of such diseases or syndromes such as fever, 

acute diarrhoea, respiratory or allergic 

manifestations. 

3. Enviror~ental Health 

The restoration of environmental control systems 

for the protection of cc~T.unity health is a priority 

task ir. Ku~ait. Activity areas should enco~pass the 
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monitoring of enviroa~ental health impacts, as 

proposed above, emergency cG·ntrol measures and 

community education and information. Equipment and 

supplies including ~~emicals, are required to assess 

environmental quality and provide bases for control 

measures and community information. As a pre

requisite to equipment oper.,tion electric generators 

must be acquired urgently. Control measures are being 

undertaken vigorously by the !'inistries of Electricity 
and Water, Public Works and Kuwait ~unicipality. 

Community education and information is an 

important function of tt.e Ministry of Health ~~d the 

Environmental Protection Council. Emergency funds and 

staffing must be provided to these in order to carry 

out information campai£ns on environmental hazards and 
prevention and control methods. 

4. Disease Prevention and CoLtrol 

The health staff and the co~~unity must ~e 

prepared to face the possible occurrence, or increase 
of health problems inherent to the current situation. 
This includes the manag~~cnt of cases of acute 

diarrhoea, respiratory syndromes, and such other 

manifestations of enviro~ental health impact as 

allergies and mucous membrane irritation. 

Other diseases requiring close monitoring are 

those subjected to sustained therapy: cancer, 
cardiovascular and renal diseases, and diabetes. 

Physical injuries caused by mines, explosives 

burns or traffic accidents demand an enhanced first-

0 
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aid response capabil:ty, an effic:ent referral system 

and awareness campai£r.S. 

In the area of maternal and child health, 

advantage should be taken o: t~e functioning health 

centres and maternities to re-establish effective pre-

per- and post-natal care services. Child growth 

monitoring and immunization are important elements at 

a time when vaccination coverage is low and when 
nutritional disorders =ay occur. 

5. Psychological Trauma 

A special progr~~e needs to be established to 

address and deal wit= post-~ar tra~~a and the 

consequences of mental stress in t~e population, with 

special emphasis on children, repatriated POWs and 

people who.were subjected to atrocities. A special 

programme for·children will be undertaken in 

cooperation with L~ICEF. 

6. Essential Drugs 

Large amounts of drugs have been received by 

Kuwait from various sources. The storage and 
distribution of these drugs was, before the war, 
monitored by a sophisticated computer system which is 
currently inoperative. SomL of the drugs, reagents or 

baby-food received are near or beyond expiration date, 
thus requiring a careful inventory and verification of 

the shipments which are not always announced. 
Additional manpower :s needed in this area to 

inventory, stock and c:str:~ute medical supplies in a 
coordinated fashion. 
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7. Diagnostic Facilities and Blood Bank 

8. 

In this high-tech area, repair and maintenance 

skills are lacking. Many sc,phisticated diagnostic 

facilities such as X-ray and NMR are non-functional 

due to lack of maintenance and spare parts. There is 

an urgent need to establish a coordinating mechanism 

to undertake these tasks. 

Certain diagnostic reagents are lacking which 

should be supplied on an emergency basis. 

The equipment of the Blood Bank has been ~ittle 

affected and most are functional as services are being 
provided continously. There is however a shortage of 

diagnostic supplies. 

Health Information and Education 

There is on the.part of the general population 

and professional groups,_ a high demand for information 

on the potential health i1npact of the current 

environmental health hazards. Education and 

information communication should be channelled through 
means currently available: radio, printed medias and 

taking the opportunity of community gatherings at the 

Mosques. Some activitieE have been described earlier 
in this regard. There is a general need to improve 

the circulation of valid information to overcome 
rumours and fears with positive and factual messages. 

9. Emergency Medical Services 

Of the intensive care units ~hich existed in the 

country before the occupation only one remains in 
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ope~ation. Personnel should be brought in or 

redeployed to ensure that these essential services are 

provided. The ambulance end mobile emergency medical 
unit system needs to be re-created with an entire 
fleet of vehicles, effective tele-communication system 

and trained personnel. 

10. Management and Coordination 

The country now requires a wide variety of 

skills to rehabilitate and reconstruct its health 

infrastructure. The need for tighter management and 

closer coordination is acute. The secondment of staff 
on a multilateral or bilateral basis to the Ministry 

of Public Health and the creation of coordinating 

committees are neede.i urgen1.:ly • 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

EMERGENCY HEALTH PLAN OF ACTION 
APRIL • JUNE 1991 

ESTIMATED BUPGET REOUIRE/1ENTS 

(All figures in US Dollars) 

Health Care Infrastructure 220 000 

Surveillance 60 000 

Environment Health 1 350 000 

Disease Prevention and Control 240 000 

Psychological Trauma 300 000 

Essential Drugs 200 000 

Di~gnostic Facilities and Blood Bank 570 000 

Health Information and Education 200 000 

Emergency Medical Services 840 000* 

Management arid Coordination 120 000 

TOTAL 4 100 000 

' 

*This represents only a fraction of the cost of restoring ambulance services. 
Donations in kind will be sought. 



OBJECTIVE TARGET 

1. To By the end of 3 
rehab 11 ita te months, 
the health population 
care present in 
infrastructure Kuwait will have 
so as to cope access to 
with urgent adequate 
needs within medical, 
.next 3 months surgical, dental 

and 
rehabilitation 
care to meet 
their urgent 
needs. 

: 

' 

' 

' 
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EMERGENCY IIEA!.Tll Pt.AN OF ACTION 

K U U A l T 

APPROACHES ACTIVITIES RESPONSIBLE CHRONO 

• Restore • Provide 2 WHO April 
essential consultants 
equipment to help 

coordinate 
assessment, 
repair and 
maintenance 
of 
electro-
medical 
equipment 

• Assess current • Human HOPH Hay 
availability resources IIHO 
and needs for assessment 
for personnel and 
particularly projections 
nurses and to be made 
medical 
technicians 
and establish 
projections. 

• Regroup • Reach MOPH 
available agreement IIHO 
personnel and among hospital 
complement by directors on (in progess) 
volunteers immediate 
and bring in needs, 
additional redeployment 
staff on and .. 

emergency recruitment 
basis 

() 

!?age I ' 

INDICATOR 

Consultants 
in place 

' I 

!Iuman 
Resources 
Projection 
Plan 
availnhlc 

I 

Reduced 
number of 
beds I 
faci lit ics 
functioning. I 

Urgent needs 
in Pers-.,nel 
met u 
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OBJECTIVE TARGET APPROACHES ACTIVITIES RESPONSIBLE CHRONO INDICATOR 

• Design and • Determine Ministry of June Project 
automate health timeliness of Public Health/ proposal 
information and plan for WHO formulated 
system and consultants to 
patients help create the 
records to · system 
optimizl! 
personnel use 
and increase 
system 
effectiveness 

• Assess • Inventory to Ministry of In progress Inventory list 
availability be made by each Public Health available 
of equipment institution, 
and supplies compiled by 
to operate Ministl·:• of 
health Public Ileal th 
facilities 

• Procure • List of Ministry of 
essential needed Public Health/ 
supplies that essential CHS 
may be lucking supplies to be 

made by central 
I medical store 

• Procurement Ministry of In progress Missing 
and Public Health/ essential 
distribution 11110/UNJCEF supplies 

available 
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OBJECTIVE TARGET APPROACHES ACTIVI'i'IES RESPONSIBLE CHRONO INDICATOR 

- Improve - Support MOPH - Monitor IIllO May June Weekly meetings 
efficency decentralized regional meetings of 
of hospitals activities Health Regional 
and Health through Department Directors 
facilities by regional activities held 
June. Health 

Departments - Assign an STC May Consultants 
in Hospital assigned 

- Support Adminstratlon 
individual - Determine long June Ntwcts 
hospitals term needs In ident If 1 <Hi 1111tl 

Hospital listed 
Management 

- Estimate cost HOPH May . Budget 
for 3 months IIllO formulated 

- Identify UN Agencies . Resources 
sources of Bilateral allocated 
funds Agencies 

- Formulate to - Allocate 
a budget and resources 
allocate - Establish HOPH/ Criteria 
resources criteria WHO April Hay established 

- Identify needs HOPH/ April Hay Staffing shot:t 
- Develop WHO term 

staffing project! ons and 

- - Operate fully - Develop structure structure 
50X of criteria for - Develop job 
polyclinics ratios descriptions 
and MCH facility/ - Identify 

I centres in population sources of 
3 months time and manpower/ personnel 

facility - Bring in MOPH/ April June Staff 
- Redeploy additional Bilateral recruited 

Polyclinic staff Agencies 
staff & secure - Conduct Contractors Hay June In service i 
additional in-service training 
manpower retraining conducted ,...-,;=== 

' ' u u u 
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OBJECTIVE I TARGET I APPROACHES I ACTIVITIES RESPONSIBLE CHRONO INDICATOR 

.,L _ •• -. 

2. To restore Ry the end of • Establish and • Design form HOPII/WHO/US April Data collected 
the surveil- three rnonths ; maintain a (in action) and L'eported to 
lance of a basic daily recording • Record Sentinel HOPI! daily 
selected surve i 11 ance and reporting information hospitals 
diseases and system for of selected 
conditions selected conditions used' • Collect data I US 

conditions will as indicators . daily 
have been of diseases 
established related to I · Provide. data I US 

environmental to HOPH for 
hazards continuous 

monitoring 
. Acute 
Diarrhoea 
· Res.piratory 
ailments 
• Skin/Mucous 
membranes 
manifestations 
• Fever 

· Identify I • HOPII/WO I Hay I System designed 
The pre· • Restore a sites for 
existing surveillance information I I I First report 
surveillance system for recording and reaching HOPI! 
system will be diarrhoea.l reporting 
re-introduced diseases and (Health 
as staff and other water/ facUlties and .. • data processing food borne laboratories) 
become diseases • Train/retrain 

I availabl c . Vector borne surveillance 
diseases personnel 
• Diseases • Provide with 

I 1 ell igible for periodic 
immunization reports to HOPH .. 

I 1 · Overall • Exploit 
morbidity and these reports 
mortall ty for public 

information and 
action 
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OBJECTIVE TARGET APPROACHES ACTIVHIES RESPONSIBLE CHRONO INDICATOR 
-

• Correlate • Formalize MOP II April • Committee 
. environmental coordinating created 

health data mechanism • Meetings 
with health between held 
information EnviroiVIIental · Conclusions 

Protection formulated 
Council· 
and 
Directorate 
of Public 
Health to 
correlate data 

3. To undertake tJ..B..:.. 
and expand By the end of • Provide HOPH/EPC April • Monitor 

I monitoring April, air generators \1110/UNEP reports 
and prevention quality to monitoring submitted ' 

• measures monitoring stations to MOPII 
related to stations and supply 

. 

envi ronanental (3 fixed) will reagents 
' 

hazards. have been put 
back into 
operations 

By the end of • Recruit MOPH/EPC April • Scale end 
. April a scale consultants to \1110/UNEP 

of warning assist in 
signals and establishing 
corresponding scale 
cautionary and 
statements developping 
will have been statements 
cstahlish"d 

( '-1 (I () 
.. 
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OBJECTIVE TARGET APPROACHES ACTIVITIES RESPONSIBLE CHRONO INDICATOR 

• Design and ·Identify HOI'II/WIIO/ April group (s) 
undertake groups in UNEP identifies 
mon~toring Kuwait with 
and research monitoring and 
project(s) to research 

' 

assess capac:ity 
possible short 
and long term ·Identify WHO/UNEP Hay group (s) 
effects of air groups identified 
pollution internationally 

with such 
capac:ity 

-Establish a HOPH,IWHO Hay Mechanism 
coordinating UNEP developed 

• Provide mechanism 
informaton to 
public on (See No;<: 
findings and below) 

I preventative 
measures 

WATER: 
By the end of - Rehabilitation 
Hay, safe piped and Covered by prviate contractors 

I 

water supply reconstruction under Ministry of Electricity and 
. will have been of water Waters' supervision 

restored and supply system 
monitored 
continuously 

.. 
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OBJECTIVE TARGET APPROACIIES ACTIVITIES RESPONSIBLE CHRONO INDICATOK 

• Monitoring • Provide \.1110 April • Supplies 
of water chemicals and provided 
safety reagents • Honi to ring 

(see No, 8 done 
• Public below) 

Information 

SEWAGE: • Restore Covered by private contractor April 
waste-water 
systern 

• Honiloa· 
marine 
pollution Covered by Ministry of Public Works April · Sewage 

EPC and UNEP system in 
operation 

SO!.ID W6SIE:! • Clear garbage 
from the city 

J)J SPOSAJ, • Re-establish Under the responsibility of April · solid waler 
a solid waste Kuwait Municipality and covered disposal 
disposal by 5 private firms in operation 
system 

HlHE:!lEX~LQSIVE:! 
• Appeal to • Increase and MOPH April · · Appeal 

international sustain the other June launched 
solidarity to level of Ministries 
enhance international WHO 
deminlng . awareness I 

operntings about need for 
mine sweeping 
in Kuwait 

' . Increase 
public aware· 
ness through 
information 
campaigns 
(see No. 8 

belowi ,., 
' ' u u· \_) 
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OBJECTIVE TARGET APPROACHES ACTIVITIES RESPONSIBLE CHRONO INDICATOR 

4. To prevent Dianboeal • Staff will • Disseminate • MOPII/ Now · Guidelines 
and control Dhel!!ll!lll i be alerted to guidelines in Department available 
selected the rise of case of Public in all 
diseases By mld·Aprll, spread of management Health facilltles 

health staff and diarrhoeal 
facilities will dbeases and · • Plan a • MOPH/ Now • ORS 
be prepared to to the methods referral Dept. of available 
respond to the of case system Public Health in all 
possible spread management facilities 
of diarrhoeal • Verify tho • Central 
diseases • Supplies will availability Medical Now Transport 

be available of ORS, ensure Store Hediuim 
to health availability avail. n t 
facilities for of transport Pub! ic Health all levels 
diagnosis and medium (Cary Lnboratory and 
treatment Blair) for Hobarak Now DiagnosIs 

stool samples Hospital Capability 
at all in place 
facilities 

• Verify/ensure • Public Health 
capability of Laboratory and 
at least one Mobarak 
laboratory to llospital 
diagnose 

- Shigellas and 
v. cholera 

• Public 
information 
of prevention/ 
treatment 

IHsea!!e:; (see No. R) 

e}ligible fo[ 

J lmmu!lizatlon 
By end April & 
continuously 
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OBJECTIVE 

( I 

TARGET 

Diseases 
eU ig;!ble foJ: 
!mml!nh!a~lon 
By end April & 
continuously the 
immunization 
coverage of 
children and 
pregnant women 
will be above 
95% 

Air ~ollutlon 
Hazards 

- By end· April 
Respiratory 
and allergic 
manifestations 
attributable 
to air 
pollution 
will be 
attended to 
according to 
set guidelines 

'i 

APPROACHES 

• Continue and 
reinforce 
immunization 
activities 
through 
polyclinics 
and private 
facilities 
according to 
national 
immunization 
strategies 

• Provide 
treatment to o 
respiratory 
and allergic 
manifestations 

• Page 9 

ACTIVITIES RESPONSIBLE CHRONO INDICATOR 

• Restote the HOPI I/ APRIL Effective 
cold chain as UNICEF/WHO cold chain -in 
electiricty operation 
returns 

i 

• Use cold boxes UNICEF DONE IN MARCH Cold Boxes 
for the available 
transport and 
short storage 
of vaccines 

· discard old UNICEF DONE IN MARCH Fresh vaccines 
stock of available 
vaccines and 
replenish by 
fresh ones 

• Reestablish MOPH MAY · Records 
immunization available 
recording and · Reports 
reporting submitted 
systems 

• Formulate MCPH/ APRIL Guidelines 
guidelines Internists formulated 

• Disseminate MOPH MAY Guidelines 
these distributed 
guidelines to 
all facilities 

•' 

• Provide Central MAY Drugs 
recommend Medical available 
drugs to Store 
facilities 

• Provide STC WHO APRIL Seminar 
for se:dnar on conducted 
air pc>•-•ution 

I \ I) 
~ 
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OBJECTIVE TARGET APPROACHES ACTIVITIES RESPONSIBLE CHROMO INDICATOR 

l:late~:nal and • Provide • Provida Government of April Percentage of 
CbUd l!ealtb Maternal and standby genera- Kuwait, Health Centre 
Operate 50% of Child Health tor to KCH bilateral with adequate 
KCH centres as (KCH) Service!! centres with no Agencies, Civil water/power 
well as child and strengthen electricity Administration supplies 
by June Primary Health' • Install water 

Care tank on roof of 
KCH centres 
and bring April 
drinking water 
to 50% health 
centres 
- Supply April 
distilled water 
and reagents to 
peripheral 
laboratories 

Hon-,2nnuol'1"' • Provide . Order and Central aedical April Percentage of 
J!le disease!! drugs to supply drugs store, WHO treataent 
Ensure specific cases for Diabetes, prescriptions 
sustained Hypertension filled 
therapies to and Cancer 

'• chronically • Supply skin Percentage of 
ill populations ointaents, treataent 

Faaily planning prescript ions 
pills and filled 

' 
disposables 

' 

.. 

i 
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OBJECTIVE TARGET APPROACHES ACTIVITIES RESPONSIBLE CHRONO INDICATOR 

. 
5, To create By June; • Assess needs • Assess needs HOPH/UNICEF/WHO April Status report 
and sustain psychological and develop in qualitative available 
services for diagnostic a plan of and 
adults and and support action quantitative 
children services will terms among 
suffering from be provided to children 
violence• adults and (Psychologists) 
related children 
psychological suffering froll • Establish • Establish HOPH/WHO Hay Services 
traumas psychological services diagnostic, operating 

traumas related through formal counselling 
to violence and (HOPH) and and therapy 
incarceration informal services for 
(POWs) services children 

(religious and and for adults HOPH/WHO June Services 
' social groups) operating 

I 

CJ 
I ' u C)-
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OBJECTIVE TARGET APPROACHES 

6. 'l'o ensure · By the end of • Rehabilitate 
availability the 3 months the stock 
of essential the needs in management 
drugs to meet essential drugs system and 
current needs will have been coordinate 

met supply to 
continuously health 

facilities 

- By the end of - Ensure the 
April, specia- continuous 
lized drugs availability of 
will have been drugs for the 
made available treatment of 
to treatment diabetes, 
centres cancer, 

cardio-vascular 
diseases, other 
chronic 

- By the end of diseases 
June, plans - Convene a 
will have been task force to . made for. the propose plan 
rehabilitation for rehabili· 
of the drug tat ion 
quality control 
laboratory 

0 

ACTIVITI~S RESPONSIBLE 

• Restore MOI'II/Central 
software and Medical Store 
assign computer (CMS) 
technicians to 
Central Medical 
Store 
• Sort out CMS 
present stocks 
of drugs 
• Distribute to CMS 
facilities 

- Locate and CMS 
distribute 
specialized 
drugs 
available in 
country 
• Order drugs CMS/WO 
not present. in 
stock 

• Convene Task Drug quality 
Force control 
- Elaborate laboratory 
proposal staff 

CHRONO 

April (ongoing) 

April (ongoing) 

April (ongoing) 

April 

April 

June 

(\ v 

l'at\C 12 

INDICATOR 

Computer based 
management 
system in 
operation 

Drugs available 
on request at 
health facilit. 
Specialized 
drugs 
available 

Specialized 
drugs 
available 

·Task Force 
established 
Proposal 
elaborated 

• 
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OBJECTIVE 

1. To meet 
current needs 
in laboratory 
diagnosis, 
other electro· 
medical 
equipment 
and blood 
supply 

u 

TARGET APPROACHES 

By the end of Formulate plan 
three months and gradually 
immediate needs undertake 
in laboratory rehabilitation 
diagnosis and and reconstruc-
blood supply tion of PHC and 
will have been relocate 
met different 

exfaculty of 
medicine 
laboratories 

l'DJ~<l )3 ' 

ACTIVITIES RESPONSIBLE CHRONO INDICATOR 

Complet,; HOPH/WHO Hay Inventory 
inventory of (HOPH labora· completed 
the existing tory staff) 
equipment and 
estimate 
required 
supplies and 
personnel 

Formulate plan HOPH/WHO June Plan formulated 
of action for 
restoring 
laboratory 
services to 
health 
facilities 

Provide HOPH/WHO April (ongoing) Critical needs 
specific Bilateral met 
support to agencies 
operating 
laboratories 
to meet the 
immedf.ate 
demand 

' 

u 0 
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OBJECTIVE TARGET APPROACHES ACTIVITIES RESPONSIBLE CHRONO INDICATOR 

I 
• Ensure MOPH,tWHO May Two WHO 
11aintenance and consultants 
repair through in coordinating 
fir11 position 
representatives 
with WHO's 
coordination 
(2 consultants) 

• Procure spare MOPH/WHO May Procurement 
parts, re~gents effected 
and supplies 

• Identify and MOPH June List prepared 
procure new 
equipment 

By the end of Meet current • Expand donor MOPH/Mil i tary June Donors 
I 
I June restore needs to recruitment to recruited 

self· restore self· 11eet demar.:! 
sufficiency sufficiency of 
ln blood supply Central Blood 

Bank • Procure small WHO/LRCS Hay Procurement 
: supply of blood effected 

to restore 
' reserve ' 

- Procure MOPH/WHO April Procurement 
diagnostic effected 
reagents for 
HIV and 
llepatitis tests 
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OBJECTIVE TARGET APPROACHES . ACTIVITIES RESPONSIBLE CHRONO INDICATOR 

9. To provide By the end of • IniTentory • Conduct HOPH Hay Inventory 
emergency Hay, the ambulance and inventory and conducted 
medical emergency HCU'a needs formulate needs 
services to medical projections 
the population services will • Assess staff • Identify HOPI! June Training plan 
present in have been training personnill and formulated 
Kuwait rehabilitated or retraining skills needs 

to meet the needs and undertake 
current retraining 
population • Restore short • Procur" and HOPH Hay Equipment 
needs and, by wave communica· assign provided 
June, the needs tion system equipment 
of twice this 
population . Redeploy/ · Redeploy or HOP II April 4 ICUs 

recruit staff recruit ICU (in progress) operating by 
needed in staff as a June 

' intensive care matter of 
units urgency to 

operate 1 ICU 
by April, 3 by 
Hay, 4 by June 

· . 
. 

' 

' 
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PLAN OF ACTION FOR PROTECTING PUBLIC HEALTH 
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·. 
I. Executive Summary 

During the 1991 war to liberate Kuwait, several events occurred 
that damaged the environment and created concern about the 
occurrence of adverse human health effects. These events included 
the spilling of oil from an· oil pipeline into the Persian Gulf, 
setting approximately 530 of Kuwait's 1,000 oil wells on fire, and 
creating pools of oil in the desert. The Policy Coordinating 
Committee, convened by the Department of State, delegated to the 
u.s. Environmental Protection Ag¢,ncy (EPA) responsibility for 
developing a plan to address the health and environmental 
consequences of the oil well fires in Kuwait. The EPA, at the 
request of the Department of State, sent teams to Kuwait to assess 
the environmental impact from the oil spills and from the oil well 
fires. The u.s. Interagency Air Assessment Team (USIAAT), made up 
of personnel from the EPA, the National Oceanic and Atmospheric 
Administration, and the u.s. Public Health Service (PHS) drafted a 
proposed program in three broad areas: Air Monitoring, Development 
of a Forecast Capability, and Human Health Surveillance and Risk 
Assessment. The EPA asked the PHS to assist it with developing a 
list of the human health surveillance and risk assessment issues, 
strategies, and approaches that should be used to address the 
concern about possible adverse health effects associated with the 
oil pools and the oil well fires in Kuwait. · 

Ther.efore, at the request of EPA and the Department of Health and ~) 
Human Services' ( DHHS) Committee to Coordinate Environmental Health 
and Related Programs (CCEHRP), the Kuwait Working Party (KWP) met 
to identify public health issues, strategies, and approaches, 
related to the oil pools and oil well fires burning in Kuwait in 
1991. KWP, which consists of participants from PHS agencies and 
other governmental agencies, developed a plan of action. This plan 
of action encompasses the range of issues, strategies, and 
approaches that should be addressed to explore the potential acute 
and chronic risks from the oil pools and the oil well fires in 
Kuwait. This document considers exposures to multiple 
environmental media including air, water, food and seafood, and 
soil. This plan of action will be provided to the Interagency Team 
chaired by the EPA for incorporation into its overall plan of 
action related to the oil pools and oil well fires in Kuwait • 

• 

The issues, strategies, and approaches can be divided into specific 
areas of action for individual U.S. agencies, foreign countries 
(Kuwait or other), or international organizations (World Health 
Organization). 

4 



c=) The six priority public health issues defined by the KWP include: 

(J 

1) 

2) 

3) 

4) 

5) 

6) 

Are there acute or chronic health hazards from the 
oil pools and oil well fires in Kuwait? 

Who is exposed to the oil pools and oil well fires 
in .Kuwait? 

What is the nature and extent of the exposure? 

What public health infrastructure should be 
developed so that possible adverse health effects 
associated with exposure to the oil pools or the 
oil well fires can be identified and evaluated? 

What risk management and disease prevention 
policies need to be set up for persons exposed 
(already or in the future) to the oil pools and oil 
well fires? 

What new knowledge about the possible adverse 
health effects associated with exposure to the oil 
pools and oil well fires needs to be obtained? 

As a follow-up action, the public health issues, strategies, and 
approaches identified in this plan of action need to be subjected 
tc more detailed analysis and prioritized into •plans of action.• 
To carry out plans of action (whether by PHS or other U.S. 
governmental agencies, agencies from Kuwait or another country, or 
international agencies), resources need to be identified so that 
specific public health activities can be undertaken. 

•,\',· 
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II. Background -- ·'- ' 
-- -.-.. ··_- -~J 

During the war to liberate Kuwait, an oil pipeline was opened, \_ 
spilling millions of gallons of crude oil into the Persian Gulf and 
creating an oil slick many miles in length. During the final days 
of the war, approximately 530 oil wells in Kuwait were set on fire. 
Other wells that were not set on fire were damaged by explosives 
and were found to be creating pools of oil in the desert. An 
estimated six million barrels of oil are being burned each day. 
Oil well fire fighters responsible for putting out the fires and 
capping the wells estimate that_it,lwill take them 1-2 years to put 
out all of the fires and to cap ali of the wells. Never have so 
many oil wells been burning for so long. These burning and 
uncapped wells have created concern among the world community as to 
the damage being done to the environment (air, water, food, and 
soil) and the resulting potential adverse health effects. 

The u.s. Environmental Protection Agency (EPA), the coordinating 
agency, and the Coast Guard, sent teams to investigate the oil that 
had been spilled into the Persian Gulf from the oil pipeline. The 
EPA also sent two other teams to collect information on the 
constituents of the oil pools and the oil well fires. They have 
also carried out air sampling in populated areas. At the request 
of EPA a PHS medical epidemiologist accompanied one of their air 
monitoring teams to the Persian Gulf to provide medical 
interpretations to the monitoring data. 

At the request of the Department of State, the EPA's U.S. 
Interagency Air Assessment Team (USIAAT) made up of personnel from 
the EPA, the National Oceanic and Atmospheric Administration, and 
the Department of Health and Human Services (U.S. Public Health 
Service or PHS) prepared a draft proposed program in three broad 
areas: Air Monitoring, Development of a Forecast Capability, and 
Human Health Surveillance and Risk Assessment. The EPA requested 
that the PHS develop a list ·of strategies and approaches that 
should be used to answer the important human health surveillance 
and risk assessment questions. 

The Plan of Action to Protect Public Health encompass all of the 
issues, strategies, and approaches that should be adqressed without 
regard to what agency or agencies, national, foreign, or 
international, will develop action plans and carry out specific 
activities. All of the listed issues, strategies, and approaches 
can be divided up into specific actions, parts of which can be 
carried out by individual agencies. 

This plan of action was written from a generic viewpoint. Although 
American citizens living or working in or traveling to Kuwait, u.s. 
military personnel, and u.s. citizens working for contractors in 
Kuwait, are of prime responsibility of the PHS, other U.S. 
agencies, foreign nations (Kuwait or other), or international 
agencies (World Health Organization) may find this document useful. 
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At the request of the EPA and '1;he DHHS committee to Coordinate 
Environmental Health and Related Proqrama (CCEHRP), the ·xuwai.L 
Working Party (KWP) mat to identify public heaith i .. ui's,"" 
atrateqies, and approaches, related to the oil pools and oil well 
tires burninq in Kuwait in 1991. The xuwait working Party (XWP) 
consists or participants from various PHS and other governmental 
aqenciea. 

While in the Arabian Gulf the PHS medical apidemioloqist who was 
assbtinq the interagency air aasessment team collaborated with the 
Kuwait Ministry of Public Health to develop a health plan for 
protecting individuals from the haa~ds a .. ociated with exposure to 
the burning oil wells in Xuwait. 'the Kuwaiti plan is consistent 
with the plan of action developed by the KWP. Xey provisions of 
the Kuwait plan are: 1. The initiation of a health alert system to 
warn the population when potentially danqerous concentrations of 
air pollutants are reached, 2. Provide medical information and 
advice to physicians reqardinq environmental health concerns, 3. 
Provide general information and advice to the public regarding 
environmental health concerns, 4. The collection and comparison of 
recent mortality data with the same months in 1990, 5. The 
initiation of an emerqency room surveillance ayatem to monitor 
respiratory diseases, 6. The desiqn and implementation of a 
longitudinal study of asthmatic patients registered at the Kuwait 
Center for Allergic Diseases, 7. The design and implementation of 
a cohort study of presumably hiqhly exposed population, and a. 
Implementation of the Human Exposure Asssessment Locations (HEAL) 
Proqram. 

.· 
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III. Kuwait Working Party 

A. PURPOSE 

The purpose of the KWP is 

To develop a plan of action that encompasses the range of 
public health issues, strategies, and approaches that should 
be addressed tc;> identify and prevent acute and chronic adverse 
health effects associated wi1:h all routes of exposure to 
spilled oil and oil well fires in Kuwait. This plan of action 
should make it possible in the future to look back to 1991 and 
see that the priority health issues associated with oil spills 
and the oil well fires were identified. 

B. OBJECTIVES 

The specific objectives of the KWP are 

To prepare jointly with all interested federal agencies, a 
plan of action that describes the public health issues, 
strategies, and approaches that should be addressed to 
identify and prevent or mitigate potential acute and chronic 
adverse health effects associated with exposure to oil pools 
and oil well fires in Kuwait. 

To identify issues, strategies, and approaches that should be 
used by federal agencies so that they can coordinate their 
efforts in identifying and preventing or mitigating potential 
acute and chronic adverse health effects associated with 
exposure to spilled oil and oil well fires in Kuwait. 

To develop jointly with other federal agencies, a list of 
issues, strategies, and approaches that will support the 
"human health surveillance and risk assessment" part of the 
Proposed Program of the Interagency Team chaired by the EPA. 

To share this plan of action with United States legislators, 
Kuwait, other countries, and the World Health Organization, so 
that priorities can be determined, action plans developed, and 
resources obtained to carry out specific activities to prevent 
potential acute and chronic adverse health effects. 

C. INTERRELATIONSHIP OF FEDERAL AGENCIES 

Many PHS offices and agencies (Agency for Toxic Substances and 
Disease Registry, Centers for Disease Control, Food and Drug 
Administration, Indian Health Service, National Institutes of 
Health, Office of International Health, and Office of the 
Surgeon General), and other federal agencies (Department of 
Agriculture, Department of Defense, Department of Energy, 
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Department of CoiiDUerce, Department of State, and EPA) are 
concerned about the potential public health issues associated 
with the oil pools and oil well fires in Xuwait. However, 
there are also personnel from Xuwait, other nations, 
international organizations who are also concerned about the 
potential public health effects of the oil pools and the oil 
well fires. These potential effects include exposure from 
inhalation, skin contact, and ingestion of food (such as 
seafood and crops) that JDAy be contaminated with oil products. 
For example, the World Health prganization has had a team in 
Xuwait assessing the public h~alth needs. A United Nations 
Environmental Team is schedule& to travel to Kuwait to assess 
the environmental situation. 

This plan of action has attempted to address the priority 
public health issues from the perspective of the United States 
agencies participating in the XWP. A list of background 
documents is attached. 
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IV. Assessment In Kuwait 

A. ENVIRONMENTAL ASSESSMENT IN KUWAIT 

1. The EPA's u.s. Interagency Air Assessment Team (USIAAT) 
collected measurements of H2S, S021 oxygen, and total 
particulate at 13 locations in Kuwait and Saudi Arabia 
during March 1991. The highest readings were taken in the 
smoke plumes in the oil fields. The highest levels were: 
total suspended particu~ate~ - 5.4 mg/m, volatile 
organic compounds (VOCs)·- 2.5 parts per million (ppm) 
adjacent to large pools of oil, H2S - 42 parts per 
billion (ppb), and S02 - 2 ppm (The S02 reading may be 
high because a different S02 monitor with a detection 
limit of 0.1 ppm did not indicate any S02 and field 
personnel did not detect any sulfur odors at any of the 
locations.). The only elevated level observed in 
populate~ areas was for particulates, with a reading of 
480 ug/m in Dhahran, Saudi Arabia which was thought to 
be due to a combination of smoke from the fires and sand. 
Baseline particulate levels due to blowing sand in Sau~i 
Arabia and Kuwait usually range from 200 - 3,000 ug/m • 

C) 

The results from this monitorinn indicate that 
particulates are the primary acute"' potential health :J 
threat. The results did not indicate an acute health 
threat from S02 and H2S. However, a change in conditions 
(such as the extinguishing of an oil well fire without 
capping) could cause an acute threat near the wells to 
occur. An inversion or touchdown of the plume in 
populated areas could result in an acute health threat. 

These results were obtained with limited equipment, 
irregularly placed monitors that were not positioned near 
the plumes, and with the use of short averaging times. 
These results should be considered to be preliminary and 
must require a more detailed evaluation. 

2. Gases and particulate byproducts associated with the 
burning oil wells were identified. Air samples from 10 
locations were measured for: volatile organic compounds 
(VOCs), polycyclic aromatic hydrocarbons (PAHs, i.e., 
naphthalene, benzo[a)pyrene), heavy metals, S021 and 
inorganic acids (i.e., sulfuric, nitric). Some samples 
were collected for H2S, formaldehyde, CO, and total 
nuisance dust. 
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3. Although a number of samples were taken from a variety of 
locations, the monitoring was done at a small number of 
locations, over a relatively short period (one month), in 
a relatively cool month (March), for a limited number of 
compounds. Respiratory particulates less than 10 microns 
(PM10 ) were not measured. Mercury and lead, thought to 
be present in some of the oil wells were not aeasured. 
Other substances not measured include uranium, ozone, 
benzene, elemental carbon, other metals, and 
nitropyrenes. In addition, the constituents of oil 
droplets were not charac~prized. 

. ; 

POSSIBLE HEALTH EFFECTS IR PERSONS EXPOSED TO OIL WELL FIRES 

1. 

2. 

The oil fields are located away from Kuwait City where 
most of the Kuwait population lives. The direction 
traveled by the plumes is variable and dependent on the 
local meteorological conditions. Based on National 
Oceanic and Atmospheric Administration models and on 
personal observations (Dr. John Andrews), on most days, 
Kuwait City is not noticeably affected by the oil well 
plumes. Continuous exposure to the oil well fire plumes 
in Kuwait City for a period greater than forty-eight 
hours occurs infrequently. Any risk assessment that is 
carried out must take into consideration the number of 
persons in the path of the plumes for various local 
meteorological conditiJns and the duration of exposure. 

The main health effects predicted to occur from exposure 
to the oil well fires depend on the assumptions that are 
made regarding the constituents of the plumes. 

3. Persons with asthma or preexisting pulmonary disease 
(chronic bronchitis, chronic obstructive pulmonary 
disease), and possibly infants, children, and elderly 
adults would be at risk of exacerbation of their 
conditions due to exposure to the oil well fires. It is 
not known if chronic exposure to oil well fires will be 
associated with an increased incidence or prevalence of 
pulmonary disease. 

C. HUMAN HEALTH SURVEILLANCE 

1. Information obtained from two Kuwaiti physicians and one 
asthmatic by or. John Andrews, indicated that asthmatics 
were reporting acute asthma attacks when the plumes from 
the oil well fires were present. One physician reported 
to Dr. John Andrews that three of his patients with 
chronic lung disease had died on one of the days when the 
plumes from the oil well fires were severe. Visits to 
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seven hospitals by Drs. Andrews and Seligman and reports 
of visits to all hospitals in Kuwait by the U.S. Army 
Disaster Area Survey Teams indicated that there were no 
report of large numbers of persons becoming ill on days 
when the plumes from the oil well fires were severe. 
Neither were there reports from Kuwaiti physicians of 
adverse health effects in infants, children, or the 
elderly. The absence of reports does not necessarily 
mean that such effects were not occurring, only that they 
had not been observed by the physicians and hospital 
personnel interviewed~ 1 

2. The main symptoms experienced by Drs. Andrews and 
Seligman and by u.s. Army personnel when plumes from the 
oil well were present were burning eyes (mild to 
moderate), increased postnasal discharge (mild to 
moderate), increased cough (mild), throat irritation 
(mild to moderate), and an acrid smell to the air (mild 
to moderate). Estimates of the prevalence of these or 
other symptoms among u.s. Army and u.s. Marine personnel 
may be available from the Department of Defense. 

D. INFRASTRUCTURE IN KUWAIT 

1. The public health infrastructure, including the disease 
reporting system, public health laboratory, environmental 
laboratory, continued to operate in limited fashion !rom 
the beginning of the Iraqi occupation (August 2, 1990) 
until January 15, 1991. Beginning with the start of the 
war of liberation (January 17, 1991), public health 
functions essentially ceased. Through late March 1991, 
telephones were not working and transportation was 
difficult. By late April, telephones and transportation 
were available. . Despite these terrible conditions the 
Kuwaiti medical community has done an excellent job. 

2. During the Iraqi occupation, safe water continued to be 
available through the municipal distribution system. 
Water quality continued to be checked (The Iraqis were 
extremely concerned about the possibility-of waterborne 
disease in their troops.). Only during the ground war 
(February 22 - 26), and in the initial liberation period 
(February 27 - late March), after the desalination plants 
had been made inoperable by explosives, did people have 
to rely on water stored in cisterns or on rooftops. 

3. During the Iraqi occupation, most people who stayed in 
Kuwait had adequate supplies of food, including grain, 
rice, and staples1 fresh milk from cows1 and fruits and 
vegetables from Iraq and Jordan. Only during the ground 
war (February 22 - 26) and during the initial period of 
liberation (February 27 - late March) were fresh milk, 
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6. 

. 
fruits, and vegetables unavailable or in limited supply. 
As of late April, fruits, vegetables, and milk were 
available, although some Palestinians and third country 
nationals without financial resources, may not be able to 
purchase adequate amounts of these foods. 

A number of u.s. Army Civil Affairs personnel, u.s. Army 
Corps of Engineers, and private contractors have been in 
Kuwait since early March assisting with restoring the 
infrastructure in Kuwait. By late April, electricity is 
available, a chlorinatJ~ municipal water system is 
operational ( 93-97\ of lrater comes from desalination 
plants and the rest is supplied from wells) , sewage 
treatment is functioning, garbage trucks and waste 
disposal sites are operational, and hospitals and clinics 
are functioning. Ministry of Public Health personnel 
have been meeting in their offices since March 8. 

Despite the availability of senior Kuwaiti Ministry of 
Public Health personnel, a number of the workers are no 
longer in Kuwait. Many were Iraqi, Jordanian, or 
Palestinian. There will be a need to identify new 
personnel and train them to carry out the various public 
health activities. 

It is estimated that 450,000 people are now living in 
Kuwait. Prior to the Iraqi occupation, the Kuwait 
population was approximately 2.1 million, 600,000 (28\) 
of whom were Kuwaiti. The government of Kuwait has 
stated its intention to have Kuwait's population grow to 
approximately 1 million. Various Government of Kuwait 
ministries (including the Ministry of Public Health) are 
planning to downsize. This will involve decreasing the 
number of hospitals and clinics. 

7. The disease reporting system in Kuwait was not functional 
as of late March. However, visits to all hospitals by 
u.s. Army Disaster Survey Team personnel and to seven 
hospitals by Drs. Andrews and Seligman, found no evidence 
of any widespread epidemics. Although several physicians 
believed that they were seeing increased numbers of 
persons with hepatitis A, a review of hepatitis 
surveillance records by Dr. Andrews from 1988 through 
March 9, 1991, did not verify that there was an increase. 
Also several Kuwaitis returning after being detained in 
Iraq were found to have Vibrio cholerae in their stools. 
Several children with diarrhea were admitted to the 
hospital, there was no evidence of an epidemic of 
gastrointestinal disease. 
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V. Risk Assessment and Risk Management 

In this document, risk assessment and risk management are used 
as described in the report "Risk Assessment and Risk 
Management of Toxic Substances• (A Report to the Secretary, 
Department of Health and Human Services [DHHS], from the 
Executive Committee DHHS Committee to Coordinate Environmental 
and Related Programs [CCERP], April 1985). The material below 
is quoted from this document. 

Risk - The probability o~ an adverse health effect as a 
result of exposure to a ~azardous substance(s). 

Risk Assessment - The use of available information to 
evaluate and estimate exposure to a substance(s) and its 
consequent adverse health effects. Risk assessment 
consists of one or more of the following four elements: 

o Hazard Identification - The qualitative evaluation 
of the adverse health effects of a substance(s) in 
animals or in humans •••• Hazard identification is 
largely a judgmental process that requires the 
expert knowledge and experience of scientists from 
a variety of disciplines in interpreting the best 
available information •••• Hazard identification 
relies primarily on results generated from clinical 
and epidemiologic stlldies and from r~nimal 
toxicologic experiments. Other types of 
information that may, when available, contribute to 
the hazard identification process include: short
term in-vivo and in-vitro test results; comparative 
metabolism and kinetic information; and when 
available data on the physiologic, pharmacologic, 
biochemical, chemical, and physical properties of 
the chemical of interest. 

o Exposure Assessment - The evaluation of the types 
(routes and media), magnitudes, time, and duration 
of actual or anticipated exposures and of doses, 
when known; and, when appropriate, the number of 
persons who are likely to be exposed •••• Exposure 
assessment deals primarily with estimating the 
types, magnitudes, and durations of actual or 
anticipated exposures to hazardous 
agents ..•. Exposure assessment is typically based on 
monitoring studies that involve direct measurement 
of exposures, mathematical modeling, and the study 
of microcosms of mini-environments, or some 
combination of these approaches. 
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Dose-response Assessment The process- --'-'of=' · 
estimating the relation between the dose of a 
substance(s) and the incidence of an adverse health 
effect ...• oose-response Assessment is concerned 
with the evaluation and quantitative 
characterization of the relationship or association 
between the level of exposure to the agent under 
study and the toxicologic response or responses 
that are elicited by such exposure, particularly as 
it applies to h~ns. The techniques most 
frequently used in tpis quantification process are 
the safety-factor·. approach, margin-of-safety 
procedure, and mathematical modeling. 

Risk Characterization - The process of estimating 
the probable incidence of an adverse health effect 
to humans under various conditions of exposure, 
including a description of the uncertainties 
involved .... Risk Characterization, the final step 
in the risk-assessment process, involves a 
multidisciplinary evaluation of all relevant data 
on hazard identification, exposure assessment, 
dose-response, and species extrapolation to reach 
an overall determination of the health risk posed 
by anticipated or known exposures to a given agent • 
Because of differences in human susceptibility and 
exposure corditions, some consideration should be 
given, when possible, to the identification of 
high-risk subgroups in the general population at 
this phase in the process. 

Risk Management - The process of integrating risk
assessment results with engineering data and social, 
economic, and political concerns, then weighing 
alternatives to select the most appropriate public health 
action, ranging from public education to interdiction, 
that will lead to reduction or elimination of the 
identified risk. 
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VI. Assumptions 

A number of assumptions were made by the XWP based on information 
available to KWP participants, information available from the news 
media, or information reported from federal agencies who have had 
personnel in Kuwait. Assumptions are being listed below to 
document that these issues were considered. 

A. ~is document assumes that basic medical services (clinics and 
hospitals) are functioning, and that electricity, water 
supply, garbage collectio~, a~d vector control programs are 
functioning in Kuwait. · · · 

B. The priority public health issues, strategies, and approaches 
identified in this plan of action are designed to explore 
acute and chronic adverse health effects due to spilled oil 
and oil well fires in Kuwait. However, some of these 
strategies and approaches are equally applicable to other 
areas of public health. 

c. The priority public health issues apply to a variety of 
persons exposed to spilled oil and oil well fires including 
fire fighters, oil well workers, persons living or working in 
Kuwait, and tourists. 

D. As additional information is obtained, the situation in Kuwait 
should be reassessed. With the availability of adeitional 
data, priority issues, strategies, and approaches can be re
evaluated. 

E. This plan of action is a technical document. It is written to 
be an encompassing document that describes the issues, 
strategies, and approaches that should be explored from a 
technical viewpoint. 
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VII. Public Health Issues 

A. IS '!l'BERE A HEALTH HAZARD PROM '1'HE OIL POOLS AND OIL WELL FIRES 
IN KUWAIT? (Hazard Identification) 

It is essential to identify whether or not there are current 
hazards . associated with oil pools and oil well fires. 
However, there is not much information on the constituents of 
these oil pools and oil well fires. Measurements for H2S and 
soae polyaromatic hydrocarbons (PAHs) have been positive near 
wells. However, there a7ff3 a variety of additional 
contaminants that may be present in the oil or the oil well 
fires. Specifically, KWP personnel suggest that sampling in 
populated areas be carried out for the following substances: 
benzene, elemental carbon, ozone, nitropyrenes, lead, arsenic, 
total respiratory particulates, uranium, other metals, and 
mercury. After the levels of these substances are known, then 
other decisions can be made on the frequency that the oil, oil 
well plumes, air, food, water, or soil should be retested. 

As different oil well fields (and even different oil wells) 
may have different amounts of one or more of these substances, 

,. individual wells as well as plumes need to be sampled enough 
times so that environmental personnel believe they have a 
reliable estimate of the total emissions of smoke particulate 
and chemical species from the fires to which people (and their 
food, water, crops and livestock) may be exposed. In 
addition, as the oil well fires are extinguished and the oil 
wells capped, the pollutants released into the atmosphere will 
decrease. 

''·' Strategies and approaches should include 

1. Measuring contaminants listed above in environmental 
media and generating population specific data. 

a. Carrying out a 
particulates and 
substances found 
Reference Doses. 

chemical characterization 
oil droplets and comparing 
against standards such as 

of 
the 
EPA 

b. Determining the size fractionation of particles in 
plumes from the oil well fires. 

c. Measuring contaminants in oil, in plumes of oil 
well fires, and at ground level in populated areas, 
areas where animals graze, and in areas where food 
is produced, processed, stored, or sold. 
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d. Measuring the levels of respiratory pollutants 
including total suspended particulates, respirable 
particulates, dust, pollen, hydrocarbons, sol, and 
0 3 , and acid aerosols. 

e. Identifying contaminants in well water and water 
coming from desalination plants. 

f. Identifying contaminants in soil in populated 
areas, in areas preqicted to have high cumulative 
soil contaminants f~om plume models, and in areas 
where children spend a great deal of time (school). 

2. Measuring contaminants in food and water 

3. 

a. Identifying and measuring contaminants in food and 
milk produced or stored in the open. 

b. Identifying and measuring contaminants in the food 
supply of grazing animals and chickens. 

c. Identifying and measuring contaminants in seafood. 

d. Identifying contaminants in drinking water and 
reservoirs. 

In vivo and in vitro tests 

a. Carrying out in vivo studies in animals. or in 
animal models for human disease by analyzing 
animals grazing in affected areas. 

b. Carrying out in vitro immunogenic! ty, mutagenic! ty, 
and cytogenetic studies with substances produced by 
the oil well fires or on specimens collected from 
exposed persons. 

B. WHO IS EXPOSED ro THE OIL POOLS AND OIL WELL FIRES IN KUWAIT? 
(Exposure Assessment) 

The extent of exposure to the oil pools and the plumes of oil 
well fires depends on the local meteorological conditions 
which are extremely dynamic and which vary from hour to hour. 
If information was available to identify where the plume was 
located at specific times of the day, this would assist 
greatly in determining who is exposed. Analysis of plume 
migration, therefore, will be a critical factor in 
establishing who was exposed. 
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An important issue related to the oil pools and oil fires in 
Kuwait is to determine who has been exposed. It is important 
to identify areas where persons were likely to be exposed and 
to identify the nature and probable level of exposure in those 
areas. In several situations, substances thought to be safe 
were later found to be hazardous. Also, in the past, even 
when the presence of a hazardous substances could be 
documented, without information on who had been exposed, the 
association or lack of association of adverse health effects 
with a substance could not be studied easily. 

. It 
In Kuwait, the exposure of a Jvariety of individuals to oil 
pools and oil well fires needs to be determined (Kuwaitis, 
third country nationals, Palestinians, oil well fire fighters, 
oil well workers, other persons living or working in Kuwait, 
and persons transiently exposed). 

If specific hazardous substances are identified in the oil or 
oil well plumes, and risk assessments show that people are 
exposed to enough of one or more of these substances to be 
associated with acute or chronic adverse health effects, then 
it is even more important to identify potentially exposed 
persons. 

Strategies and approaches should include 

1. Population In~ormation 

a. Determining the number of persons living or working 
in each area of Kuwait by age and sex (using a 
geocoding system if possible) so that amount of 
exposure based on oil well plume measurements or 
oil well plume modelling can be determined. 

b. Identify representative populations or 
subpopulations who may have had differing exposures 
to the oil pools or the oil well fires. 

2. Highly exposed individuals 

a. Identifying potentially highly exposed individuals 
to oil pools or oil well fires. 

b. Setting up a registry of the most highly exposed 
persons (e.g., oil fire fighters, military, persons 
working close to the oil fires). 

c. Tracking the more highly exposed persons so they 
can be given information on health effects (adverse 
or not adverse) in the future or so that additional 
information on adverse health effects can be 
obtained from these persons. 
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c. 

d. Obtaining baseline information on more highly 
exposed persons, including biological monitoring of 
exposure (blood and urine), monitoring of different 
microenvironments, such as homes, work places, and 
outdoor areas, personal monitoring, and the use of 
questionnaires. 

e. Determination 
markers for 
exposure. 

of the most 
establishment 

II 

reliable 
of the 

biological 
extent of 

WHAT J:S THE HATDRE .AND 
Assessment) 

't 
EXTENT OF BXPOSURE? (Dose-Response 

The dose-response assessment human data as well as animal and 
in vitro studies is a critical aspect of risk assessment. 
Namely 1 the amount of exposure via various routes must be 
quantified so that acute and chronic risk can be estimated. 

Strategies and approaches should include 

1. Obtaining information on the relationship of forest fire 
(western United States and other countries) or urban air 
pollution (Mexico City, Lima, Los Angeles) to the air 
pollutants in Kuwait including known health effects from 
these sources of pollution. Healt:r. data from Rmaller oil 
fires will be particularly relevant. 

2. Reviewing information on the relationship of forest fire 
and urban air pollution to acute and chronic adverse 
health effects. 

3. Identifying by time, place, duration of exposure, level 
of exposure, various groups of individuals including oil 
well fire fighters, oil well workers, military personnel, 
and citizens. 

4. Using plume measurements and plume modelling to estimate 
individual exposure to oil pools and the oil well fires. 

D. WHAT PUBLIC HEALTH INFRASTRUCTURE NEEDS TO BE DEVELOPED SO 
THAT POSSIBLE ADVERSE HEALTH EFFECTS ASSOCIATED WITH EXPOSURE 
TO THE OIL POOLS OR THE OIL WELL FIRES CAN BE IDENTIFIED AND 
EVALUATED? (Risk Characterization) 

The ability to identify acute or chronic adverse health 
effects is necessary to determine if unexpected adverse 
effects are occurring or if predicted adverse health effects 
did not occur. An active and well functioning infrastructure 
is necessary to assure that vital information is collected. 
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Strategies and approaches to strengthen the infrastructure 
should include 

1. Surveys 

Surveys of the general health status of subpopulations 
living or working in Kuwait are needed so that 
information will be available on the existing adverse 
health conditions. 

2. Surveillance 'l, 
.'l 

a. Reinstating a communicable disease surveillance 
system in Kuwait. 

b. Reinstating public health programs such as well
baby clinics, immunizations, health education, and 
injury control. 

c. Reinstating vital statistics recording to include 
births, deaths, and fetal loss beyond 28 weeks. 

d. 

e. 

Beginning surveillance for respiratory and chronic 
diseases including chronic obstructive pulmonary 
disease, and asthma. 

Beginni~g registries of birth defects, fetal loss 
(beyond 28 weeks), a"d cancer. 

3. Standard Methods and Quality Assurance 

a. Instituting the use of standard definitions of 
diseases (World Health Organization standards) and 
standardized forms. 

b. Instituting a quality assurance/quality control 
program in the public health laboratory, 
environmental health laboratory, hospital 
laboratories, and clinical laboratories. 

4. Data Analysis 

a. Beginning computerization of Kuwait's surveillance 
systems and registries. 

b. Developing the capability to quickly collect, 
collate, analyze, and distribute data from the 
various surveillance and registry systems. 
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s. Personnel .. -· .-- ,' .- .. -- ·o 
a. Obtaining the services of trained personnel to 

carry out pathological examinations on tissues. 

b. Developing an expertise 
epidemiology and toxicology. 

in environmental 

c. '!'raining staff so that they can carry out case 
investigations and ~pidemiologic investigations. 

. .f 
d. Obtaining the eqUi~ent and training environmental 

laboratory personnel to be able to identify 
substances associated with the plumes from oil well 
fires. 

6. Risk Characterization 

'l'he presence of an active and well functioning 
infrastructure will give rise to disease-specific 
incidence and incidence rate information. With this 
information, the numbers and types of acute and chronic 
adverse health effects that are predicted based on the 
hazardous substances identified and the amounts of 
exposure can be compared to the actual amount of disease. 
Of particular importance will be the modeling of the ~\ 
plume and the verification of the modele to establish ~ 
actual exposure. 

E. WHA'l' RISK MANAGEMENT AND DISEASE PREVEN'l'ION POLICIES NEED '1'0 
BE SE'l' UP FOR PERSONS EXPOSED (ALREADY OR IN 'l'HE FUTURE) '1'0 
'l'BE OIL POOLS AND OIL WELL FIRES? 

Once risks have been characterized, decisions have to be made 
about how the risks, if any, will be reduced and the adverse 
health effects, if any, will be prevented. 

Strategies and approaches should include 

1. For persons with long-term exposures to spilled oil and 
oil well fire plumes. 

a. Identifying populations at high risk of having 
adverse health effects if exposed to plumes from 
oil well fires. 

b. Encouraging Kuwait and other countries to do risk 
management for their citizens working or traveling 
to Kuwait. 
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c. Encouraging Kuwait. to test soil for contaminants-'!?~· 
areas of new housing, in areas where animals graze, 
crops are grown, and where children apend time. 

d. Having the ability to predict when air quality will 
deteriorate and to provide aufficient notice that 
persons at risk of acute or chronic adverse health 
effects can go to protected buildings or areas of 
the country until the air quality improves. 

/i 
e. :Identifying buildings or areas of the country where 

persons at risk .of adverse health effects due to 
exposure to plumes from oil well fires can go until 
the air quality improves. 

2. For persons with short-term exposures to spilled oil and 
oil well fire plumes. 

a. Preparing travel advisories for persons going to 
Kuwait. 

b. Coordinating United States risk management policy 
with the National Response Team 

c. Developing methods to disseminate information and 
provide health education and training for travelers 
to Kcwait on such topics as environmental hazards 
and injury prevention. 

d. Prescreening persons going to Kuwait and 
identifying those with preexisting conditions that 
might be exacerbated by travelling to Kuwait while 
the oil well fires are burning. 

F. WHAT NEW KNOWLEDGE ABOUT THE POSSIBLE ADVERSE BEAL'l'B EFFECTS 
ASSOCIATED WI'l'B EXPOSURE TO THE OIL POOLS AND OIL WELL FIRES 
.HEEDS TO BE OBTAINED? 

The KWP realize that much human suffering has been associated 
with the oil well fires in Kuwait. Some strategies and 
approaches listed in this document will provide information 
that is of importance to persons who have already been exposed 
to oil or to substances produced by the oil well fires. Other 
strategies and approaches will provide information that may be 
of little or no importance to already exposed persons, but may 
provide much needed information to help persons who may be 
exposed in the future to oil well fires, other airborne 
pollutants, or future environmental disasters. 
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The following is an announcement released by the Public Health Service 
on June 10, 1991. 

Emergency Room Surveillance -- Kuwait City 

This is a summary of the results of emergency room surveillance 
conducted at two hospitals in Kuwait City from January 1st to April 
30th, 1991. During that period, a total of 6,127 visits 'were recorded. 
There were 2, 373 visits in .the period before the oil fires were started 
(January 1- February 22) and 3,754 visits in the period afterwards 
(February 23 - April 30) • Since the population of Kuwait was not stable 
during this period, it is impossible to compute the rates of various 
diseases treated in the hospital emergency roms before and after the 
ignition of the oil fires. However, the proportion of total visits for 
the selected· illnesses before and after the fires can be compared. The 
data are shown below: 

CONDITIONS 

Upper/Lower Respiratory 
Gastrointestinal Illness 
Muscular Pain 
Asthma 
Urinary Tract Infection 
Skin Diseases 
Headaches and Migraine 
Hypertension 
Heart Disease 
Diabetes 
Urticaria/Angioedema 
Psychiatric Conditions 
Hypotension/Dizziness 
Drug Allergy 
Chronic Bronchitis 
Other Illnesses 

Jan 1-Feb 22 

(n ~ 2, 373) 

29.2% 
19.6 
12.3 
7.4 
5.5 
5.1 
4.8 
4.1 
2.8 
1.2 

.9 

.5 

.08 

.04 

.04 
6.0 

Feb 23-Apr 30 

(n ~ 3, 754) 

19.0% 
23.2 

9.9 
7.0 
4.4 
1.7 
4.6 
8.3 
5.2 
3.7 
2.0 
1.6 
1.1 

.1 

.5 
7.0 

It is notable that visits to the emergency room for gastrointestional 
illnesSes, heart diseases, psychiatric illnesses and chronic bronchitis 
increased during the period after the oil fires were ignited 

These data suggest tha·t th9re was no documented increase in the 
proportion of persons seeking care in hospital emergency rooms for upper 
and lower respiratory illnesses and asthma as a result of exposure to 
the oil fires. 

Further data collection underway at additional hospitals and polyclinics 
Will provide a more comprehensive pictUre of the current situatioO. 
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HARVARD SCHOOL OF PUBLIC HEALTH 
KUWAIT AIR SAMPLING SURVEY 

- April 24 to May 11, 1991-

In Conjunction With: 

The Kuwait Ministry of Health: The Environmental Protection 
Department and the Environmental Protection Council 

In Association With: 

' The World Health Organization - The World Meteorological 
Organization, Dr. David Mage, Project Director 

Harvard University School of Public Health 
Department of Environmental Health 

Dr. John D. Spengler 

Dr. v'ukio Yanagisawa 

Thomas Dumyahn 

David Gilmour 

Xiaowei Yan 

Collaborators: 

MIT--

DRI--

LBL ---

Bell ---

HSPHK 
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Professor of Environmental Health 
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Research Engineer 

Field and Research Assistant 
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Dr. Charles Weschler 
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HARVARD'S KUWAIT AIR SAMPLING SURVEY 

PARTICULATE SAMPLES ANALYSIS AGENDA 

PARAMETER 

Bulk I PM3.5 

PM10 

·auartz Filter· 
Black Carbon 

Particle Acidity 

Particle Sulfate 

HSPHK 
UN' An' 

ANALYSIS 

1.) Combined Samples for 
Animal Bio Assays -
Dr. J. Brain, HSPH 

2.) Combined Samples for 
Cell Mutagenicity -
Dr. H. Liber, HSPH 

3.) Polcyclic Aromatic : 
Hydrocarbon Analysis -
Dr. Joan Daisey, 
Lawrence Berkeley Labs 

· 1.) Mass Concentrations at HSPH 

2.) Elemental Analysis: INAA -
Dr. I. Olmez, MIT Nuclear 
Reactor Laboratory 

1.) Elemental Carbon Analysis & 

2.) Graphic Carbon Analysis -
Dr. J. Chow, 
Desert Research Institute 
Univ. of Nevada, Reno 

1.) PH Analysis at HSPH 

2.) lon Chromatography Analysis 
at HSPH 



·.• HARVARD'S KUWAIT AIR SAMPLING SURVEY 
- Spring 1991 -

SAMPLE INVENTORY 

AMBIENT PARAMETER 

Respirable Bulk Mass 
· (3.5 microns and below) 

PM10 

Particulate Carbon 

PM2.5 Acidity (00 (J.(.' ~ \ .ly 

Nitrogen Dioxide 

Carbon Monoxide 

Volatile Organic Coll'lpOU"ds 

Hydrogen Sulfide 

HSPHK 
1Ul'tf£Xl' 

INSTRUMENT 

Harvard Modified Anderson 
Bulk Sampler with Cyclone 
Separator 

Harvard Impactor with Black 
Box (4LPM Pump); Mounted 
Pre-Weighed Filters . · 

Harvard Impactor with · 
Mounted Quartz Fiber Filters 

Harvard Impactor with 
2.5 Micron Nozzles and 
Mormted Teflon PH Filters 

Yanagisawa Passive N02 
Badge 

Yanagisawa CO Passive 
Diffusion Tube 

3M Passive Vapor VOC 
Badges 

DuPont Passive H2S 
Badges 

C) 
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ANALYSIS APPROACH 

Statistical Correlations 

Enrichment 

(Element I Sc) SaJ'Tl)le 
(Element I Sc) crustal 

Factor . Analysis 

IJIOr=sioft Analysis 

mass= x + B1X1 + B2X2 

HSPHK CJ UWAIT 
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Lanthanum vs Scandium KUWAIT 
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ENRICHMENT ANALYSIS 

Oil Related* 

Na 

Cl 

v 
Zn 

Br 

Sb 

• High Impact Day 

HSPHK 
WAR'I' 

Crustal 

AI 

Fe 

La 

Sm 

Th 
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I 
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MASS vs Lanthanum KUWAIT 
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MASS vs Vanadium KUWAIT 
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MASS and TOTAL CARBON KUWAIT 
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CARBON ANALYSIS 

Total Carbon 

Organic Carbon 

Elemental Carbon 

% Organic ,·..._ ~~~()"' 

%0C in Total Mass 

15 - 450 ~g/m3 

10- 315 ~g/m3 

0- 170 ~g/m3 

30%-90% 

1%-60% 

E.M_liL CONCENThATIONS 

Range 

Mean 

so 

50 - 830 1Jg/m3 

328 ~g/m3 

239 
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EFFECTS OF TilE GULF WAR ON TilE ENVIRONMENTAL GEOLOGY 
OF TilE REGION 

Farouk El-Baz 
Center for Remote Sensing 

Boston University 

Preparations for and conducting the Gulf War resulted in much damage to the environment of 
the region. Foremost among the irreparable damage are changes to the terrain due to the 
digging of trenches, building walls of soil, and otherwise disturbing the desert pavement in and 
around Kuwait. The disruption of the usually one-grain thick layer of pebbles on the desert 
floor exposes soil to wind action. Furthermore, changing the contours of the normally flat land 
increases resistance to the wind, and thereby, increases the potential· of particle transport until 
the land is peneplained. This condition will increase the frequency and the ferocity of dust 
storms in the region (Fig. 1). It will also resuit in the formation of new sand dunes; sand drifts 
were observed along roads in northern Kuwait. 

The second effect on the geology of the region is that of the oil spill in the Gulf water. 
Hundreds of miles of the western coastline of the Gulf are already covered by oil. Petroleum 
"mats" have settled on coral reefs and in other ways have reduced the Gulf water productivity. 

The third effect is related 
to the damage caused by 
oil well fires in terms of 
air pollution as well as the 
potential damage to the 
petroleum reservoirs. 
Photographs from the 
Landsat Thematic Mapper 
and the NOAA 10 and 11 
spacecraft illustrate 
evidence for the damage 
to the environment and 
can help in monitoring 
environmental change in 
the future. 

SOVtET UNION 

\ ... ••··· 

Figure 1. Schematic illustration of potential regional effects of 
damage to the environment due to recent Gulf War. 
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KUWAffi WELL FIRE INVESTIGATION-- MONITORING AND MODELLING 

Dr. Abdallah E. Dabbagh 
King Fahd University of Petroleum and Minerals 

Digitally processed National Oceanic and Atmospheric Administration (NOAA) Advanced Very 
High Resolution Radiometer (A VHRR) and Landsat Thematic Mapping (TM) data have been 
successfully used to monitor the Kuwaiti oil fires. Based on the processed information of 
satellite imagery, the number of burning oil wells and their locations in different oil-fields were 
identified. Knowing the productivity index of wells, an estimate was made on the amount of oil 
and associated gases on daily basis. 

The total suspended particulates (TSP) using high volume samplers and inhalable particulates 
using PM-10 samplers were collected at various locations in the Eastern Province of Saudi 
Arabia. These filters were analyzed for toxic metal concentration and oil hydrocarbons including 
some carcinogenic organic compounds. 

Air particulate samples using PM-10 samplers, collected from Dhahran and Khafji, were 
analyzed for polycyclic aromatic hydrocarbons (PAHs) and aliphatic hydrocarbon compounds. 
The concentration levels ofPAHs compounds found in Dhahran and Khafji were not significantly 
high and compare favorably with levels found in urban areas in some parts of the world. 
However, the concentration of aliphatic hydrocarbons, which are not known to be toxic, were 
about several times higher than PAHs concentrations in most of the samples analyzed. 

Air particulate samples were also analyzed to determine concentrations of aluminum, barium, 
cadmium, chromium, cobalt, copper, iron, magnesium, molybdenum, manganese, nickel, lead, 
strontium, vanadium and zinc in the filtrates were determined. Chloride, sulfate and nitrate 
were also determined. 

Real time measurements of various pollutants in the ambient air were carried out in Dhahran, 
Abqaiq, Rahimah, Jubail, and Tanajib. No significant impact of the burning of oil wells in these 
areas has been observed. However, the inhalable particulate concentrations have been found to 
be relatively high. 

A number of awilable air pollution modelling packages were reviewed. RAM Model (a 
multiple-point Md area-source algorithm) within Users' Network for Applied Modeling 
(UNAMAP) is ued to assess the impact of burning of oil wells in the Kuwaiti oil-fields within 
100 km radius. For regional transport modeling, ARL-ATAD model is used, to study the 
behavior of the plume, its movement, decay of the pollutants with time, dispersion, and 
deposition with the distance and time. 

The U.S. Interagency Air Assessment Team in collaboration with the Meteorology and 
Environmental Protection Administration (MEPA) and Research Institute of the King Fahd 
University and Petroleum and Minerals (KFUPM!Rl) has developed a plan entitled Gulf 
Regional .A.ir Monitoring Program (GRAMP). A part of the above plan, specially the 



IMPACf OF KUWAm OIL FIRES AND OTHER WAR ACTIVITIES 
ON INORGANIC ATMOSPHERIC POLLUTION IN SAUDI ARABIA 

Muhammed Sadiq 
King Fahd University of Petroleum and Minerals 

Multitude of environmental problems has been associated with the Kuwaiti oil fires and other 
war activities. The Research Institute of King Fahd University of Petroleum and Minerals 
(KFUPM/RI), in cooperation with the Meteorology and Environment Protection Administration, 
initiated a research program to assess atmospheric pollution from these events. This presentation 
will discuss data obtained on inorganic atmospheric pollution as a part of this program. 

Air particulates, both TSP (from March 1) and PMIO (from early May), were collected using 
standard Hi-Vol samplers. The collected samples were extracted with aqua regia and the digests 
were analyzed for aluminum, arsenic, barium, cadmium, calcium, cobalt, chromium, copper, 
iron, manganese, magnesium, molybdenum, potassium, lead, nickel, sodium, strontium, 
vanadium, titanium and zinc. Water soluble concentrations of sulfate, nitrate and chloride were 
also determined in the selected samples. The analytical data were statistically analyzed to 
evaluate the impact of Kuwaiti fires on the concentrations of the above parameters. 

Soil samples were collected from Hafr Al-Batin area and digested in concentrated nitric acid. 
Concentrations of the above metals were determined in the digestates using an ICAP. It was ) 
found that concentrations of aluminum, cadmium. cobalt, chromium, molybdenum, titanium, 
nickel and vanadium in the top soil were dependent on the distance from Saudi!Kuwaiti border. 
These preliminary data suggest that Kuwaiti oil fJICS and other war activities were responsible 
for the elevated metal concentrations in the top soils. Distribution of copper and zinc did no 
follow a similar trend. 

Over one hundred scalp hair samples were collected from five cities in Saudi Arabia to obtain 
first approximation of metal contamination in humans. The samples were thoroughly washed, 
wet digested and analyzed for about 20 metals. The analytical results were used for inter-city 
comparison. The data of this investigation were compared with the published information from 
other countries. 
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REVIEW OF THE SURVEY BY JAPANESE TEAM 

Toshiichi Okita 
Obirin University 

From 28 April to 5 May, 1991, a Japanese team has made measurements related with oil fires 
at nine sites in Kuwait as shown in Table 1. 

Table 1. Pollutant• measured at different aitea 
Particu-

N02 NOX, NO, lates BaP 

1. Ahmadi Hospital 0 0 0 0 
2. Ahmadi reeidential area 0 0 • 0 
~ Riggae Hospital 0 0 
~· 
4. Environment Protection 

Department 0 0 0 
s. Manaourya Hoepital 0 0 
6. International Hotel NW 0 0 0 
7. International Hotel SE 0 0 e 

0 
8. Jahra Hoapital 0 0 
9. 10 km north of Jahra 0 0 

•• Components of particulates auch a• sol, Cl', NOJ, total and elemental 
carbon•, v, Cd, and Pb were determined. 

Table 2. Maximum concentration• of so,, NO, and NO, 

concn. 
Gaaea (ppb) Site Sampling Unit 

so, 28 Ahmadi reaidential area Pbo, candle" 
23 • Aeroaol gaa aampling unit 

NO, 54 Internat '1 llotel NW eide Ogawa aampler 
N02 33 • Filter badge 

Derived from the aulfation rate (mgS0,/100 ~ day) by multiplying 0.034 
according to the Report of Japanese Environment Agency in 1973 

The maximum CQI1Cerltrations of SOz, NO. and NOz shown in Table 2 were rather low. The 
concentrations ol particulates and their components in residential area of Ahmadi are shown in 
Table 3. 



The mobile laboratory was equipped for automatic measurement of ozone, sulfur dioxide, ) 
nitrogen oxides, and carbon monoxide. 

• Sampler for black smokes 

• Samplings on active charcoal of hydrocarbons analyzed 

• Sequential particles, sampler on cellulose acetate fLlter for measurement of metals ( 1 hour 
each sample 1.5 m3/h) 

• One sampling cartridge of tenax and glass fiber filter to measure PAH in both gaseous 
and particulate phases 

An automatic data logger stored each fine minute average data from each automatic sensor. 

Black smokes and sequential particles samplers take automatic one hour sampling. 

The other sampling were made during various times of 4 hours to 14 hours. 

The measurements were made both far enough from the burning wells (where a majority of 
people is living in the city or the suburbs) and close to the ftres (underwind) or inside the oil 
fields. 

The main results are following: 

• the carbon monoxide and nitrogen oxides levels were always very low and less than in 
an urban site. 

• the sulfur dioxide and black smokes levels were generally medium but with unfavorable 
weather conditions, very high levels were observed: (2991 p.g/m3 S02 on 5 mn, 2030 
p.g/m3 BS on I hour). These levels were observed close to the field as well as the city. 

The ozone levels were "normal" taking into account the latitude and amount of sunshine. 

The heavy paraffinics hydrocarbons levels were relatively high, particularly close to the fields: 
(decane 58.6 ~on 8 hours). 

The light parafftDic hydrocarbons and the aromatics showed relatively low levels (toluene max 
46 p.g/m3 on 7 hours -'benzene: 11.9 p.g/m3

- octane: 51.6 p.g/rrf). 

The polycycliques aromatics hydrocarbons (PAH) levels are largely variable depending on the 
site and on the specific P AH. 

High levels are observed for fluoranthene 110 nglm3
, benzo-a-pyrene 30 ng/m3

, indeno (123cd) 
pyrene 49 nglm3, but generally the levels were lower than the maximum observed in Paris. 

) 
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THE GULF REGIONAL AIR MONITORING PLAN 

(GRAMP) 

Andrew E. Bond 
Atmospheric Research and Exposure Assessment Laboratory 

U.S. Environmental Protection Agency 

Timothy R. Gerrity 
Health Effects Research Laboratory 

U.S. Environmental Protection Agency 

The U.S. Interagency Air Assessment Team (USIAAT) developed a 5-phase plan to assess the 
impact of the oil fires in Kuwait on the gulf region. This plan was jointly developed by the 
USIAAT, Saudi Meteorology and Environmental Protection Administration (Saudi MEPA), and 
the Saudi Arabian Oil Company (Saudi ARAMCO) during March and April 1991. The plan 
includes several objectives: an early warning health advisory system, the capability to track the 
air pollution emanating from Kuwait, the capability to collect airborne samples for toxicity 
testing, and the capability to generate a database for model validation. The presentation will 

", focus on the USIAAT recommendations, to the governments of Saudi Arabia, Kuwait, and 
Bahrain concerning the expansion of their existing air monitoring capability. These 
recommendations were made to enable these governments to collect a comprehensive database 
necessary in assessing the long term health risks attributed to fires in Kuwait, on the population 

) centers throughout the region. · 
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WHO/UNEP GEMS/HEAL 
STUDY OF EXPOSURES TO PARTICLES IN KUWAIT 

Lance Wallace and Mel Kollander 
U.S. Environmental Protection Agency 

David Mage 
World Health Organization 

WHO/UNEP, toaether with the Kuwait Environmental Protection Department (KEPD) of the 
Kuwait Ministry of Health, is sponsoring a study of personal exposure to inhalable particles 
(PM-10) and fine particles (PM-2.5) in Kuwait. The study is designed to estimate the frequency 
distribution of personal exposures to PM-10, and indoor-outdoor concentration of PH-10 and 
PM-2.5, for all nonsmoking Kuwait citizens above the age of 10, between October 1991 and 
January, 1992. Additional measurements will be made of vanadium (as a marker of the oil fire 
contribution to exposure), nicotine (as a marker of cigarette carcinogenic effects). 
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PRE-WAR ASSESSMENT OF THE IMPACTS OF THE USE OF OIL 
AS A WEAPON IN KUWAIT 

B. D. Zak 
Sandia National Laboratories 

During the closing days of November 1990, Sandia National Laboratories was asked by the 
Department of Energy to assess the probable impacts of the potential use of oil as a weapon by 
Iraqi forces in Kuwait. A draft report was needed in a little over three weeks. Impacts on the 
Kuwaiti oil reservoirs, the health of exposed populations, the optical properties of the 
atmosphere, global climate, and terrestrial and marine ecology were to be assessed. The request 
was made of D. Engi, who responded by assembling the multidisciplinary team including H. W. 
Church, M. W. Edenburn, W. Einfeld, D. Engi, S. A. Felicetti, T. H. Fletcher, G. S. 
Heffeifmger, K. D. Marx, J. T. McCord, P. W. Moore, D. A. Northrop, L. D. Potter, 
J. R. Waggoner, and N. R. Waxpinski. This paper focuses only upon the atmospheric impacts. 

With regard to oil well destruction and ignition, a set of four scenarios was developed to span 
the range of potential impacts. The scenarios differed in number of wells blown and fraction 
ignited, covering the range from 100 to 900 blown, and 20 to 80% of the blown wells ignited. 
In each scenario, the wells presumed blown and ignited were assigned to the three major oil 
fields (Southeast, West North) into which the existing wells had been grouped. 

Using available data, petroleum engineers on the team then estimated flow rates and gas-to-oil 
ratios for c1verage blown wells in each field. For the presumed average blown well, the two 
phase flow was modeled, and oil droplet size distributions estimated. Modeling indicated that 
for the average wells, the output would be a fme oil mist under 15 microns in diameter. 
Combustion modeling then confirmed that for these conditions, each well would effectively be 
a blowtorch, with little or no rainout of burning oil drops. Available data on soot, sulfur 
dioxide, and carbon monoxide emission factors were then used to calculate source strengths for 
downwind dispersion modeling, but with an allowance made for a small fraction of the oil 
burning in pools to account for non-ideal venting. 

In the interest of time, the burning oil fields were modeled as line sources with no lateral 
dispersion and no wind shear, but separately for day and night, and using actual climatological 
wind data froJD.Kuwai.t City. The results indicated that, except for sensitive populations, the 
prompt health 6ts would be modest. Assuming smoke optical properties similar to· other 
carbonaceous ..CS, impacts on visibility and available light could be very significant during 
daylight hours at ground level and aloft for a 100 Jan or more downwind. Regional, but not 
global climatic effects were expected. 

A similar approach was taken for presumed fires associated with oil storage facilities and the 
system of trenches to be filled with oil and ignited. Downwind of the trenches, extreme 
conditions were anticipated. However, seepage modeling had identified probably difficulty for 
the Iraqis in filling tbe trenches and keeping them full from available pipelines. 



defined bounds of the smoke dispersion. While measurements, data reductions, and aJ)alysis will 
contin_u~ for some ti~e, early ~esults are sig~flcant. N~clear w~ter was a P<'?r an~ fm'"'"- -" -) 
KuwaJU fires; crude oil smoke IS not as absorbmg as prev10usly esumated, nor dtd self-lofting -
dominate the cloud dynamics. The smoke readily interacts with moisture and scavenging rates 
are greater. Analysis of cloud dynamics self-lofting, and definition of cloud properties and 
environmental damage using multispectral satellite imagery will lead to new models and 
assessments of smoke physics, nuclear winter, the long-range transport of pollutants, and the 
impacts of prolonged exposure to persistent smoke fallout. 

THE EFFECf OF MIXING HEIGHT AND WIND SPEED 
ON THE DISPERSION OF AIR POLLUTION IN KUWAIT 

Dr. Dhari N. Al-Ajmi 
Kuwait Institute for Scientific Research 

The mixing height and wind speed are two important meteorological parameters that affect the 
dispersion of air pollution. The product of the mixing height and the transport wind speed gives 
the ventilation factor, which is inversely proportional to the relative pollutant concentration. In 
this paper, the morning and afternoon mixing height data at Kuwait International Airport have 
been analyzed. Hourly wind speeds were evaluated. Finally, the relationships between the 
mixing height, wind speed and dispersion of pollution were discussed. 
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SHORT-RANGE AND REGIONAL TRANSPORT MODELING OF 
POLLUTANTS FROM KUWAITI OIL FIELDS 

Tahir Husain 
King Faud University of Petroleum and Minerals 

The following two types of models were selected to estimate the concentration of the pollutants 
and to track th8 IIDOke plume due to burning of wells in Kuwaiti oil fields: 

1. RAM Model within Users' Network for Applied Modeling (UNAMAP) to assess 
the impact of burning of oil wells in the Kuwaiti oil-fields within a radius of 100-
150 km from the source. 

2. Air Resources Laboratory, Air Transport and Dispersion Model (ARL-ATAD) 
to determine the movement of smoke from the Kuwaiti oil fields and regional 
impact. 
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SOME RESULTS OF ARAC'S EFFORTS TO 
ESTIMATE THE AIR POLLUTION IMPACTS OF THE FIRES 

Thomas J. Sullivan, Ph.D. 
Lawrence Livermore National Laboratory 

The Atmospheric Release Advisory Capability (ARAC) was originally conceived and developed 
at Lawrence Livermore National Laboratory as a nuclear accident emergency response service. 
It's purpose is to provide near real-time dose assessment calculations for accident response 
decision makers. Based on operationally robust three-dimensional atmospheric transport and 
dispersion models, extensive geophysical databases, real-time meteorological data acquisitions 
and a highly experienced staff, ARAC responds to U.S. events in the 30-90 minutes time frame. 
The present ARAC service is supported by a combination of DOE and DoD funding 

Beginning with the Chernobyl accident, DOE has on several occasions requested that ARAC 
calculate the transport and dispersion of pollutants for accidents outside the U.S. and for non
nuclear material. One of the latest such requests was for support of the U.S. aircraft research 
flight programs measuring the pollutants from the Kuwait oil field fires (5/14-6/15 and 7/29-
8/20) and the WMO request for assistance to the region's environmental and meteorological 
services. Since 14 May ARAC has been calculating the continuous smoke plume dispersion 
throughout a 3200 km region, using meteorological data sources from the U.S. Air Force Global 
Weather Central. These calculations have been directed toward optical depth estimates based 
on the integrated vertical {carbon soot) pollutant impact on visible light. ARAC has also 
reconstructed the long range pollutant transport on a hemispheric scale, again using AFGWC 
meteorological data, which depict the most probable far field dispersion and deposition patterns, 
albeit without washout or particle growth effects. These dispersion patterns provide insight as 
to where international scientific organizations should perform detailed measurements and 
analyses. 

WMO ACTIVITIES FOR MONITQRING AND ASSESSING THE 
ATMOSPHERIC EFFECTS OF THE KUWAIT on. FIRES 

Rumen D. Bojkov 
World Meteorological OrganiZation 

Within the United Nations system of Specialized Agencies the World Meteorological 
Organization (WMO) has the responsibility of providing authoritative information and advice on 
the global atmosphere and, because of this, WMO was asked in the joint UN response to the UN 
Inter-Agency Action Plan to take the lead in the evaluation of atmospheric pollution resulting 
from the Kuwait oil fires. 



none appeared at levels that would suggest a significant health effect. These data in combination .,, ,] 
with the informal health surveillance lead to the conclusion that short-term health effects, , 
especially in a relatively healthy population, would not be significant. But, that longer term 
health consequences would not be predictable until better characterization of the emissions had 
been done. This presentation will focus on several issues including the rationale behind the 
methodologies employed by the Team and the reasoning behind the preliminary conclusions. 
Additionally, the roles that monitoring and modeling will play in risk assessment for health 
effects in the region will be discussed in the context of the National Academy of Sciences risk 
assessment paradigm. 

This is an abstract of a proposed presentation and does not necessarily represent EPA 
policy 
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MORTALITY RISKS FROM S02 AND PARTICLES: 
INSIGHTS FROM THE LONDON FOGS 

George D. Thurston, Sc.D. 
Kazuhiko Ito, Ph.D. 

Institute of Environmental Medicine, New York University Medical Center 

Air pollution epidemiology has been able to clearly demonstrate instances were increases in 
mortality and/or morbidity were associated with elevated concentrations of pollution. Probably 
the most studied case is that of the 5-9 December, 1952 London, England episode during which 
the city center levels of daily air pollution reached 1340 ppb (3830 p.g/m3) sulfur dioxide (S02) 

and 4460 p.glm3 of British Smoke (BS), and there was an estimated total of 4000 "excess" deaths 
over a two week period. Other wintertime episodes occurred in following years, especially 4-7 
December, 1962 when peak daily center city levels reached 3834 p.g/m3 S02, 3144 p.g/m3 BS, 
347 p.g/m3 particulate acidity (reported as H2SOJ, and some 340 "excess" deaths reportedly 
occurred. The 1962 data supports the assumption that elevated acid aerosols were also present 
in 1952. 

Quantitative statistical analyses have now been conducted on London's daily wintertime 
mortality/pollution records (compiled since 1958). We have completed a time-series analysis 
of these London data during the period when daily acid aerosol records were kept (1965-72). 
Long-wave trends (e.g., seasonal cycles and influenza epidemics) as well as autocorrelations 
were first removed from the data, providing robust statistical regression estimates of short-term 
pollution-mortality associations. The central London pollution during these periods were fairly 
stable from year to year and less extreme than the past periods (maximum wintertime S~ =I 076 
p.g/m3

, BS=336 p.g/m3
, H2S04 =30 p.g/m3

}. Although the effects of the individual pollutants 
could not be separated, the two-day "mean effect" was found to be significant and to range from 
7-9 deaths/day in Greater London (depending upon pollutant employed}, after controlling for 
meteorological influences. Normalizing these results with respect to pollution level and 
population size yields the following coefficient estimates: 0.004(±0.001), 0.015(±0.003), and 
0.150(±0.047) in (deaths/day)/(p.g/m3)/million persons for SOz, BS, and H2S04 , respectively. 
Converting the BS coefficient to total carbon (TC}, based upon a past London calibration (i.e., 
TC=0.41xBS), yields a 0.037(±0.008} normalized coefficient estimate for TC. Comparable 
analyses of London summer data gave results not statistically different from these. Care must 
be taken in 9Ying these estimates at other locations (e.g., where the population age 
distribution or JGilution mix differ substantially from Lond9n's}. 
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(2) Repeated high concentration of SOz reaching to 1.0 ppm at maximum was observed. 

(3) The meteorological conditions such as the direction and velocity of wind, had a great 
contribution on where and to what extent the pollution occurred. 

According to the monitoring results by our mission between April 30 and May 8, S02 
concentration was generally at a low level in Kuwait City and other monitoring points; 0.0025-
0.0279 ppm (TEA passive sampler). During that period, relatively high pollution reaching 0.35 
ppm (detector tube) was recorded only once, when black smokes covered over the city. 
Therefore, as far as SOz pollution was concerned, it might not be possible to think that serious 
acute effect such as the increase of asthma or bronchitis would occur, based on our experiences 
in Yokkaichi. It seems, however, the meteorological cOnditions have an important role in the 
observed level of pollution in residential areas of Kuwait. It seems important to know how 
frequent that sort of smoke pollution will occur, in order to assess the risk of this pollution 
problem properly. 
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BURNING OF OIL WELLS IN KUWAIT - NEED FOR PERSPECTIVE 

Dr. Fatima Abdali 
Kuwait Institute for Scientific Research 

The Kuwait action plan (KAP) region is undergoing the world's most extraordinary 
environmental crisis. More than 600 oil well storage tanks and refmeries are current! y 
producing an enormous amount of smoke and other pollutants each day. 

Most of the conclusions reached by international teams in Kuwait have been considered 
suggestive rather than definitive because of the limitation in data collection from limited sites. 

The scenario should be oriented to correlate the quantitative characterization of tlte smoke source 
with risk assessment. This could be approached by focussing on the feasibility of the sampling 
sites, types of samples, chemical analysis and environmental and concentration distribution. This 
scenario should be framed under an Environmental Health Impact Assessment (EHIA) Program, 
which is directed toward the prediction and identification of the changes in the environmental 
parameters as a result of any assault, such as the oil well blowouts in Kuwait. 

We must not adopt action programs with too little planning, and long-term implications of 
today's action must always be considered. We are not only concerned with ourselves and 
today's problem but at the same time, we are carrying out a responsibility to future generations. 

ASSESSMENT OF THE IMPACf OF THE CRISIS ON 
GROUND-WATER POLLUTION FROM 

MASSIVE SPILLAGE OF OIL FROM DAMAGED WELLS 

Dr. Adnan Akbar 
Kuwait Institute for Scientific Research 

This article P' • ts the future prospects of the ground water in Kuwait, in light of the 
tremendous .... umane damage of the Kuwaiti oil wells. caused by the defeated Iraqi army. 
Of special anctt nMiate concern are the Kuwait Group and Dammam Aquifers which are 
considered to be the main source of fresh and brackish ground water in Kuwait. These two 
aquifers are believed to be hydraulically connected and therefore, the effect on one of them will 
certainly be reflected on the other. Taking this into consideration, the possibility of 
contaminating these ground water sources is great - either throu&)l direct seepage from ponds 
of leaked oil, or from the • Acid Rain • generated from the emitted pollutants of the burning oil 
wells. 



AIRBORNE PETROLEUM CONTAMINATION OF 
COASTAL FISHERIES' FOOD-WEB 

Anitra Thorhaug, Ph.D. 
Florida International University 

Andrew Oerke 
Greater Caribbean Energy and Environment Foundation 

The Kuwait oil fires present the world's largest-scale petroleum airborne contamination event. 
Food chains leading to man (i.e. groundwater, soil, agriculture, livestock ·and fisheries) may 
become contaminated with hazardous metals, organic compounds and acids. Fish provide 80% 
of the protein nutrition for the coastal Iranians. The number of people fishing, selling fish or 
dependent on fish probably number more than 350,000 with ihose directly employed by the 
fishing industry numbering 55,000 (40,000, Iran; 10,000, Saudi Arabia; 2,200, Qatar; 3,000, 
U.A.E.). It is well-known that fishing was an important historical natural resource in the area, 
prior to petroleum. Sport-diving and fishing of several types (shoreline and small craft) are 
popular. 

The major fisheries products throughout the Gulf are shrimp snapper, grouper, emperor fish, 
lobster, crabs, queen fish, needle fish, clams and oysters. The food web has yet to be described 
for these species with tagging or other tracer techniques. However, clear evidence of Peneus 
food webs from other similar ocean basin shows early stages migrating into the very shallow 
seagrass beds where a detrital food web, based on seagrass, is their major food source; adults 
migrate to spawning grounds. Seagrasses have been shown by Thorhau~ & Schroeder 0982) 
to incorporate metals, either through sediment or water, and to accumulate these, thus becoming 
an accumulation factor of some of the more toxic contaminants of the food web leading to man. 

The nearshore waters and estuaries, particularly in northern Iran, are fisheries nurseries and 
many of them as well as fishing grounds are close to the fires. The fall-out into large bodies 
of water from air contaminants has the potential to be a considerable source of pollution. In the 
U.S.A.'s Great Lakes, more pollutants enter the water from airborne sources than from 
waterborne sources. H the fallout follows concentric circles around the source and is linear, 
then a large area of the northern Gulf will receive heavy inputs of contaminants from burning 
fires. If logarilllac fallout patterns occur, this would be intensified. 

The nearshore "-tbically driven fisheries products include snapper, grouper, clams, oysters, 
scallops and endan&ered species of turtles and dugongs. There are also offshore fisheries, some 
of which have adult staaes which feed in coral reefs. There are open-ocean species whose entire 
life-cycle is spent in the sea- i.e., tuna. Phytoplankton, which does become contaminated, is 

. the primary producer here. 

The marine ecosystems of the Gulf are fragile because of hi&h salinities, bein& relic at the upper 
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edge of the subtropics and highly restricted in numbers of species. The waters already have 47 ·._ .. ) 
times more petroleum than averaae sea water. It must be understood that the food webs . 
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THE POTENTIAL ROLE OF ENVIRONMENTAL IMPACT ASSESSMENT (EIA) .\·~ 
IN MINIMIZING THE ADVERSE IMPACTS OF THE ,__) 

BURNING OIL FIELDS IN KUWAIT 

Dr. Ali Mohammad Khuraibet 
Kuwait Institute for Scientific Research 

This paper will mainly focus on the approach of the application of Environmental Impact 
Assessment in terms of the Formulation of a Base Line Study and impact identification, 
prediction and assessment. 

UN INTER-AGENCY PLAN OF ACTION ADDRESSING THE ENVIRONMENTAL 
CONSEQUENCES OF THE ARMED CONFLicr OVER KUWAIT 

Dr. Makram A. Gerges 
United Nations Environment Programme 

The UN Inter-agency Plan of Action for the ROPME region, developed by UNEP in co-
operation with ROPME, the Regional Organization for the Protection of the Marine Environment · ~ 
of the Kuwait Regional Convention of 1978, was adopted at the Second UN Inter-agency 
Consultation (Geneva, 14 March 1991). 

The Plan of Action is now being implemented by a number of UN and non-UN agencies and 
organizations under the overall co-ordination of UNEP. Its focus is on four separate but 
interlinked areas: the coastal and marine environment, the atmosphere, inland terrestrial areas 
and hazardous wastes. It consists of three distinct phases: the survey phase, the assessment 
phase and the action plan design phase. Every effort is being made to build on data and 
information already generated by teams operating in the area, and on initiatives and actions being 
undertaken by various agencies, organizations and institutions working in the region. 

An essential el,...,t of the Plan of Action is the establishment of a multi-disciplinary data-base 
which will conllia tbe data and information collected in the surveys, as well as data from other 
sources requirecllor the impact assessment. : 

This presentation reports on the progress achieved so far in the collective UN effort to deal with 
the environmental consequences of the armed conflict in the region, and describes UNEP's 
approach to the future development of the plan of action for the mitigation, rehabilitation and 
protection of the above four environmental areas. 
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Mahdi Abdal, Ph.D. and Dhari AI-Ajmi, Ph.D. 
Kuwait Institute for Scientific Research 

Drs. Abdal and Al-Ajmi have done work in various types of soil in Wisconsin and Tennessee, 
USA and in Kuwait, focussing mostly on the physical characteristics and soil conservation. 
They have also managed different projects and tasks related to vegetable production, halophyte, 
wheat and forges in the avid zone. 

Fatima K. Abdali, Ph.D. 
Kuwait Institute for Scientific Research 

Dr. Fatima K. Abdali received a Ph.D. in Environmental Health Sciences (majoring in 
Environmental Chemistry and minoring in Ecological Toxicology & Chemical Oceanography) 
from the University of Michigan, Ann Arbor in 1990. Dr. Abdali is currently working as an 
Associate Research Scientist in the Environmental and Earth Sciences Division at the Kuwait 
Institute for Scientific Research in the Marine Pollution group. 

Adnan Akbar, Ph.D. 
Kuwait Institute for Scientific Research 

Dr. Adnan Akbar is a Research Associate, Water Resources Division/Hydrology, KISR. 

Dhari Al-Ajmi, Ph.D. 
Kuwait Institute for Scientific Research 

Dr. Dhari AI-Ajmi has experience in meteorological studies, including the development and 
utilization of mathematical models to determine dispersion patterns of air pollutants emitted from 
industrial sources. Dr. AI-Ajmi directed all air pollution and atmospheric studies in the 
Environmental IDd Earth Sciences Division in KISR and led several research projects in air 
pollution mod z· I• environmental impact assessment, and dispersion of heavy gases. 

Jasem Al-Besharah, Ph.D. 
Kuwait Institute for Scientific Research 

Dr. Jasem AI-Besharah is the Director of the Petroleum Division at KISR. 
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Rumen D. Bojkov, Ph.D. 
World Meteorolo&ical Oraanization 

Dr. Bojkov has a B.S. in physics from the University of Sofia and a M.Sc. in meteorology and 
geophysics. He also holds a Ph.D. in physics and mathematics from the University of Moscow 
and a D.Sc. in atmospheric physics from the University of Rostock. 

He began his career as a synoptician in the Bulgarian Meteorological Service (1955-59) and was 
an assistant and associate professor at the University of Sofia (1960-64). He has held research 
fellowships in the Canadian Meteorological Service (1960-61, 1965-66) and at the National 
Center for Atmospheric Research (1966-68). From 1968 to 1969 he was professor of 
stratospheric physics at the State University of New York at Albany, has served with the World 
Meteorological Organization as an expert in Egypt on upper-atmosphere research (1969-70) and 
from 1970 to 1984 was Chief, Atmospheric Sciences Division at the Secretariat in Geneva. 
From 1984 to 1988 he held the position chief scientist at the Atmospheric Environment Service, 
Canada and since 1988 has been Chief, Environment Division in the Secretariat of the World 
Meteorological Organization. In 1988 he was elected secretary of the International Ozone 
Commission. He is a fellow of the AMS. 

Dr. Bojkov has published more than 70 papers on atmospheric circulation and ozone problems, 
a university text book (1966) and has also initiated and edited dozens of WMO meeting reports, 
many of which are widely known in the world community of atmospheric sciences. 

Andrew E. Bond 
U.S. Environmental Protection A&ency 

Serves as a chemist on the staff of the Field Measurements and Monitoring Branch, Human 
Exposure and Field Research Division, of the Atmospheric Research and Exposure Assessment 
Laboratory, Office of Research and Development, located in Research Triangle Park, North 
Carolina. Responsible for planning field air pollution monitoring studies, designing and/or 
modifying air pollution sampling systems, and developing quality assurance techniques for use 
in the measurement and calibration of a variety of air sampling equipment. A member of the 
initial eight-member US Interagency Air Assessment Team which visited the Gulf region during 
March and April1991, and contributed to the development of the Gulf Regional Air Monitoring 
Plan (GRAMP). 

AbdaUah E. Dabbap, Ph.D. 
Kin& Fahd Univenity of Petroleum & MlDeraJs 

Dr. Dabbagh obtained his B.Sc. in Geology, 1968, from the American University of Beirut. 
His Ph.D. in Geology was obtained in 1975 from the University of North Carolina. He is now 
an Associate Professor at King Fahd University of Petroleum and Minerals (KFUPM). 



exacerbations, the health effects of air pollution and the use of biologic markers of exposure in 
epidemiologic studies. ,~ 

John S. Evans, Sc.D. 
Harvard University 

Dr. Evans is an associate professor of environmental science and director of the program in 
environmental health and public policy at Harvard University. He received a B.S.E. in 
industrial engineering from the University of Michigan, a M.S. in water resources management 
from the University of Michigan, and a S.M. and Sc.D. in environmental health sciences from 
Harvard University. Since 1980, he has been involved in efforts to improve the models used 
to assess the health consequences of nuclear power plant accidents. His other research interests 
include analysis of the propagation of error in environmental measurements and models, 
validation of expert scientific judgement, and application of the decision analytic paradigm for 
assessing the value of information in support of environmental research and control decisions. 

Dr. Evans is a member of the American Association for the Advancement of Science, the 
Society for Risk Analysis, the American Academy of Industrial Hygiene, and Sigma Xi. He 
serves on the editorial board of Risk Analysjs, is past president of the New England Chapter of 
the Society for Risk Analysis, and was chairman of the Committee on Risk Assessment and 
Management of the Air Pollution Control Association. 

Nabil M. Fayad, Pb.D. 
King Fahd University or Petroleum and Minerals 

Dr. Nabil M. Fayad is a research scientist at the Water Resources and Environment Division 
at the Research Institute of King Fahd University of Petroleum and Minerals. He has a Ph.D. 
Degree in analytical chemistry in 1979 from Loughborough University of Technology, UK 
where he had previously obtained his MS degree. His research interests have centered around 
the investigation of oil pollution, and organic pollutants in the water, marine and air 
environment. 

Makram Gerps, Pb~. 
United Natioas Environment Pro&J'IIDIDle 

Dr. Makram Gerges, a Senior Programme Officer at the Oceans and Coastal Areas Programme 
Activity Centre (OCA/PAC) of the United Nations Environment Programme (UNEP) in Nairobi 
since 1986, got his M.Sc. in physical oceanography at the Massachusetts Institute of Technology 
in 1966 and then went on to take a Ph.D. at Moscow State University. Previously, Dr. Gerges 
worked as field expert and project manager for UNESCO and a long-term consultant to both 
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Forecasted radioactive fallout from Pacific and Nevada nuclear tests during the 60's to the mid-
70's. Researched on long-range transport and dispersion of boundary layer pollutants from the 
early 70's to the present with emphasis on long-range tracer experiments for model verification, 
and emergency response modeling procedures for forecasting pollutant and volcanic ash long
range transport and dispersion. 

Tahir Husain, Pb.D. 
Kin& Fahd University or Petroleum and Minerals 

Dr. Tahir Husain is a Research Engineer-I in the Division of Water Resources and Environment 
at the Research Institute, King Fahd University of Petroleum and Minerals, Dhahran, Saudi 
Arabia. He joined the Research Institute in 1979, since then he has been in conducting research 
in water resources and environmental disciplines. Dr. Husain has also been associated on a part
time basis with the Department of Civil Engineering in graduate teaching and supervision of MS 
and Ph.D. theses. 

Dr. Husain earned his Ph.D. in Civil Engineering from University of British Columbia, Canada 
in 1979; M.Eng. in Systems Engineering and Management from Asian Institute of Technology, 
Bangkok, Thailand in 1972, and B.S. in Civil Engineering from Aligarh Muslim University in 
India in 1969. In 1975, he also completed UNESCO sponsored Postgraduate Certificate Course 
in Water Resources Management at Water Resources Research Institute (VITUKI) in Budapest, 
Hungary. 
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In 1986, Dr. Husain was honored with "Distinguished Researcher• award in recognition of his 
outstanding performance as the best researcher. In June 1990, the university again honored him 
with "Distinguished Research Project Leadership" award in recognition of his services as the 
best project manager at the Research Institute. 

Ali Mobamm•• J'huralbet, Pb.D. 
Kuwait ~for Scientific Research 

Dr. Ali Mohammad Khuraibet received a B.S. C. in zoology from Kuwait University, and went 
on the receive his M.S.C. and Ph.D. in Environmental Impact Assessment from Aberdeen 
University, Scotland. Dr. Khuraibet is an Associate Researcher at the Kuwait Institute for 
Scientific Research and has been listed as an environmental expert with the United Nations 
Development Program (UNDP) since 1989. 



Prof. Toshiichi Okita 
Obirin University 

1948: Graduated from Department of Physics, Tohoku University 

1948: Assistant, Department of Geophysics, Tohoku University 

1952: Assistant Professor, Hokkaido Gakugei University 

1961: Head, Laboratory of Industrial Health, National Institute of Public Health 

1973: Head, Department of Community Environmental Sciences, National Institute of Public 
Health 

1977: Professor, Department of Sanitary Engineering, Hokkaido University 

1983: Director, Division of Atmospheric Environment, National Institute for Environmental 
Studies 

1988: Professor, School of International Studies, Obirin University 

Muhammad Sadiq, Ph.D. 
King Fahd University of Petroleum and Minerals 

Dr. Sadiq obtained his Ph.D. in Soil Chemistry from Colorado State University in 1977. After 
graduation, he joined USEPA at Ada, Oklahoma to investigate the movement of sewage-borne 
metals through soil profiles. He joined the Research Institute of King Fahd University of 
Petroleum and Minerals in 1979. Since that time, he has been evaluating metal pollution both 
in the terrestrial and marine environments of Saudi Arabia. Recently, he has been involved in 
the assessment of metal contamination of air, soil, humans and marine ecosystem from the Gulf 
War activities. His research interests are metal chemistry, bioaccumulation and toxicity in the 
terrestrial and marine environments. 

Richard D. s a Ph.D. 5 

Pacific: Sierra Relearc:h Corporation 

Richard D. Small holds a Ph.D. degree in Aeronautical Engineering (1971) from Rutgers 
University. He is currently Director of Thermal Sciences and Co-chairman of the Environmental 
Monitoring and Assessment Program at Pacific-Sierra Research Corporation in Los Angeles, 
CA. His research interests include fire and smoke physics, dust processes, geography, 
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atmospheric physics, fluid mechanics, and aerodynamics. Dr. Small has written and spoken on '\ 
environmental impacts of Kuwaiti fires and published extensively on fire effects, smoke . ) 
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in Meteorology from the University of Oklahoma (1970), and a Ph.D. in Atmospheric-Sc'ierniS 
from the University of California/Davis in 1982. 

Anitra Thorhaug, Ph.D. 
Florida International University 

Anitra Thorhaug, Ph.D., C.E.P., Research Professor, Sponsored Program, Florida International 
University, has received a medal from UNEP for her coastal pollution works in 1981. In 1985, 
she became one of UNEP's Global 500. For 30 years, she has studied shallow nearshore 
subtropical and tropical pollution in all regions of the tropics. As an FAOConsultant in 1985-
86, in Southeast Asia, she examined fisheries rehabilitation potential. Recently she has studied 
oil spill and clean up methods in tropical seas. She has worked in the middle east since 1969. 
Trace metal cycling pollution effects on critical tropical matrix organisms are the subject of a 
series of her experiments. 
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Georae D. Thurston, Ph.D. 
New York University 

Dr. Thurston is an Assistant Professor at the New York University Medical Center's Institute 
of Environmental Medicine. He received his doctorate in Environmental Health Sciences from 
the Harvard School of Public Health in 1983, and his Bachelor of Sciences degree in 
Environmental Engineering from Brown University in 1974. 
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Dr. Thurston's research into the human health effects of ambient air pollution has ranged from 
field studies of the effects of ambient ozone and acid aerosols on the lung function and health 
of asthmatic children at summer camps to large-scale epidemiologic studies of cross-sectional 
associations between particulate matter and U.S. mortality rates. At present, he is the Principal 
Investigator of a five year NIEHS study of the effects of ambient acidic aerosols on New York 
State daily hospital admissions for respiratory causes. Prior to joining NYU, Dr. Thurston was 
a Research Fellow at Harvard's Kennedy School of Government. 

Lance A. W·Sf , Ph.D. 
U.S. EnviroJIJIMl!lf•l Protection Agency 

Dr. Wallace received his Ph.D. in physics from the City University of New York, following 
undergraduate work at caltech and the University of Washington. Since 1977, he has been an 
environmental scientist at the U.S. Environmental Protection Agency in Washington, DC. His 
main interest at EPA has been in developing instruments to measure personal exposure and body 
burden (particularly exhaled breath) for a wide range of environmental pollutants. He conceived 
and implemented the Total Exposure Assessment Methodology (TEAM) Study, for which he 
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1-2-2, KASUMIGASEKI 

CHIYODA-KU, TOKYO 

100 JAPAN 

October 22,1991 

Dr. Peter C. Hill 

ENVIRONMENT AGENCY 

TEL 81-3(3581)3351 

FAX 81-3(3580)7173 

United States Department of Commerce 

National Oceanic and Atmospheric Administration 

Dear Dr. Peter C.Hlll 

I am a technical officer that have been to the Harvard School of Pub

lic Health with Dr. Okita of Obirin University. And I heard that you are collecting 

data and information about Kuwait 011 Fires. 

So,I send our mission's papers and copys which Dr. Okita used for OHP 

at the conference. The latter is twelve pages(not twenty pages),and used on Au

gust 12. 

Yours sincerely 

'\ 

\l.t\\ 
Hirotaka TACHIKAWA 

Unit Chief of Environment Quality Standards 

Planning Division 

Air Qual! ty Bureau 

Environment Agency 
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1. Purpose of Survey 

In view of the current situation in Kuwait, where the 

environmental and health effects of the oil fires there are of 

great concern, the intent of this survey was to measure air 

pollution at various sites and to collect related information so 

as to assist the government of Kuwait in its investigation of 

countermeasures. 

2. Duration of Sur~ey 

.April 25 -May 10, 1991 (Entered Kuwait on April 28, and left on 

Nay 6) 

3. Measurement of Air Pollution 

Air pollution was measured by using simplified measuring tools. 

The items measured and measuring points were as follows. 

Preliminary measurement of air pollution was performed on April 

30. Full-scale measurement was started on Hay 1, and ended on 

May 5. 

Table 1. Items measured at each measuring point 

Measuri:'lg poin~\Item measured so, NOX, N0 2 Dust Bs.P co I n2s 

l. Aha~adi Hospital 0 0 0 0 0 I 0 

2. Residence in Ahamadi· 0 0 * 0 0 0 

3. F-igga Hospital 0 0 0 I 
4. Environment preser\rat.ion dept. I 0 0 I 0 0 

5. Mansouriya Hospital 0 0 0 I 
6. No:-thwest side of hotel I 0 0 0 0 I 
7. Southeast side of .hotel I 0 0 I * 0 I 0 I 
s. Jahra Hospital 0 0 0 0 

9. Northern area of Jahra 0 0 0 

- 1 -



At the points marked with * in the dust column, carbon 

compounds, anions and heavy metals were also measured. 

The measurements revealed that the concentrations of sulfur 

dioxide and nitrogen dioxide detected by this survey were at 

levels lower than the environment quality standards of Japan 

even at their highest values. However, because the measurements 

were conducted for a short period of time and at a limited 

number of points, it would be premature to judge that the entire 

area of Kuwait is at levels free from trouble. 

' It can be seen from these measurements that the concentration of 

.Particle matter is at a considerably high level. The 

concentration itself is not so high as compared with the 

concentration level before the war. However, when the 

constituents of the dust were investigated, it was found that 

several specimens had concentrations of elementary carbon, which 

appeared to be soot, exceeding 0.1 mg/m3 (the environment quality 

standard corresponding to the daily average value for suspended 

particle matte~ in Japan). Thus 1 it is surmised ~hat the crude 

oil is burning imperfectly. It is know~ that many of the carbon 

compounds generated from burning of oil have particle sizes of 

about 0.5 ~m, which easily deposit in the lungs. Therefore, the 

effects from elementary carbon have to be watched in the future. 

It was also observed that the concentration of benz (a) pyrene 

at Ahamadi was slightly higher than that in major cities in 

Japan. 

Chloride ions and sulfate ions also had high concentrations. If 

they exist in the form of chloride mist or sulfate mist, their 

effect on life is of concern. Therefore, it will be necessary 

to find out in what form they exist. 

The concentration of nitrate ions is lower than in Tokyo, while 

all heavy metals are at less than the lower limits of their 

detectable values. 

- 2 -
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Table 2. Measurement results for sulfur dioxide and the like 

Environment quality standard 

Point (measuring and sampling method) 
[ppm) 

Haxirum value (Japan) 
(ppm) 

De. i ly average Hourly value 

0.0279 
Residential area in Ahamadi 
(lead dioxide method) 

so, 0.04 0.1 

0.0233 Residential area in Ahamadi 
(Aerosol sampling unit) 

NO, 0.054 Northwest side of International Hotel 4th floor 
(Aerosol sampling unit) - -

N02 0.033 Southeast side of International Hotel 5th floor 
0.04 - 0.05 (Filter badge) 

. 

Table 3. · Measurement results for particle matter (at -~amadi 

Hospital and residential area in Ahamadi) 

Item MaxiiTr.lm Average Geometric Remarks 
value value mean value 

Total suspended 
(AS) 1. 014 rrg/m3 

particle 0.539 rrg/m3 0.448 rrg/m' Environment quality standard 
in Japan covers particle 
matter of 10 ~ or less: 

Particle ~atter with I 
0. 952 rrg/m3 0.5['\ rrg/m3 0.4~rrg/m' 

Daily average: 0.10 mg/rn3 

particle size of 7 ~ Hourly value : 0.20 TitJ/rr.:J 
or less (PO) 

iota 1 cuban 0.535 rrg/m' 
(AS) -

Elerrenary carbon I 0.445 rrg/m3 . 
(AS) 

(AS) 25.5 ng/m3 5.3 ng/m3 I 1.2 ng/m3 
Benz(a) I Tokyo in 1989 I 
pyrene ' Maxirrum: 15.2 ·ng/m3 

(PP) 
5.5 ng/m3 2.2 ng/m3 I 

1.2 ng/m3 Average: 2.7 ng/ri'? 
I 
I 

Chloride ion 
(AS) 150.1 • g/m

3 
12.3 • s/m

3 i 
5.5 • g/rr.3 Tokyo Maximum: 6.2 

I in 1981 Average: 3.0 " g/m
3 

I 

Sulfate ion 
58.2 • g/m3 16.0 • g/m3 : 12.2 p. g/m3 Tokyo MaxiiJJ.Jm: 16.1 

(AS) I in 1989 Average: 5.8 • g/m
3 

Note Symbols in ( ) in the item column, which means measuring and sampling method as be lows 
AS: Aerosol sampling unit 
PO: Personal dust sampling set 
PP: Personal PAH sampling set 

4. Situation regarding Damage to Health 

According to an analysis of data on emergency outpatients in the 

three months from January through March, 1991, which >vas 

provided by the Health Department, there were 877 and 374 (70.1% 

: 29.1%) emergency outpatients with asthma, allergic diseases 
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and respiratory diseases before and after the oil fire started 

on a full scale on February 26. The durations before and after 

the oil fire were 56 days and 34 days (62.2% : 37.8%), 

respectively. Thus, it cannot be said that damage to health has 

increased due to the air pollution from the oil fires. 

An investigation of the status of patients at hospitals near the 

Ahamadi area where the oil wells are burning revealed that the 

number of patients has not increased significantly as yet after 

the oil fire. 

However, even if there are some effects from air pollution, it 

.may take some time before they are noticed. Therefore, even if 

the number of patients has not increased as yet, this does not 

guarantee that the number will not increase in the future. 

Continuous observation will be required. 

Table 4. Comparison of number of emergency outpatients before 

and after oil fires 

Disease Asthma and allergic I Respiratory Digestive Othecs I Total 

Before oil fire 75 I 299 268 I 610 1,252 (34.5%) 

After oil fire 182 I 695 I 465 1,031 2,373 (65.5%) 

Subtota 1 257 (7.!%) l 994 (27.4%) 733 (20.2%) 1,641 (45.3% ) 3,625 (100.0%) 

5. Suggestions for Future Measures 

Based on a comprehensive assessment of the results of the 

survey, it is strongly recommended that the following measures 

be put into effect, mainly by the Government of Kuwait. 

(1) Realization of an air pollution monitoring system 

It is necessary to ascertain the form of the sulfate ions 

and the concentrations of volatile organic compounds such 

as aldehyde and ketone. In addition, a continuous 

measurement network should be built for fine particle 

matter and sulfur dioxide, and for sulfate ions 1 if 
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0 necessary, .and an emergency forecasting system should be 

instituted based on this network. 

Since observations were made at times when the sky was 

covered with smoke, a wind direction/velocity observation 

network must be built to study the causes of such 

conditions. 

(2) Implementation of measures against indoor air pollution 

Measures to be,considered include mounting hoods on 

ventilation fans at hospitals or households, installing 

filters, and, if necessary, installing air purification 

devices with active carbon. 

{3) Conducting health surveys of residents 

Because the delayed effects of soot or other compounds in 

the air are a matter of concern in areas nea~ the burning 

oil wells, it will be necessary to provide a tracing system 

for observing the progress of the situation for a long 

period of time, which could include a) preparation of 

records on hospital outpatients, or b) health surveys of 

residents-near the burning oil wells. 
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Attachment Table 1. Weather conditions during survey 

heasur \n;; po \nt Meesur1no t1~~e \.teather 
TtD~ptrlltvrc 

Wtnd direction 
Wine: ve lot lty 

c·c> (r~/s) 

() 
Southeut stde of lnter~~at\or~al Mote 1 Apr. zs 15; 17 Clear, t~: CO'o'tred with Sl:'>.)kt 3~.0 Soutto-

'· 7 southeast 

t.:orth"'!:St s toe of Internat lone 1 ilote: l Apr. " 16:30 Clear, b:J: covered w1t:! StlOi:t J(.6 Hortllwest <.7 

Apr, " 17:20 Cletlr, but covered .... uh Slr(lkt 3(.0 

Apr. " 22:00 Clecr, but covered wtth StlOkt 30.0 
southetst sIde of Internet lorw~l Hote 1 Apr. JO 18:30 Cletr, "' covered with ,.,,, 30.6 

"'· JO lt:.t5 Cltar, bet covered wlth s~kc 30.2 
Koy I 7:00 Clccr, bl:t coverec! with smte 29.6 

[nv\ro~nt preserve: ton dept. Koy I 8:~0 Cleer, but covered wtth smoke 29.2 Northwest ! .2 

~nsouriye Hosp ita 1 Koy I 9:15 Clear, but covered with s~ke 3£.8 Hortl\wes: l.S 

IUooe Hospla 1 Koy I 10:18 Cleer, but covered v1th SCJOI:e Jl.O Northwest 1.1 

Residence in Ah~~~~ed1 ~rea 1\oy I 12:45 Cle~r, but covered with SI'IOkt 32.7 lio:-thwest o.' 
I t'.ay I 1:!:20 Clear, but covered wtth SU'OI:e 32.: Hor:h'tlt:st 0.6 

Ahe~r.adl Hcsp1ttl 1\oy I 13:25 Cleer, but covered w1th s~l:e JZ.~ Hcrthwes~ 0.6 

Jehre Hosp1tel Hoy ' 9:45 Covered ~lth SIIOio:e (the S\:h 27 .s tiorthwest J.J 
be1n~ v1s1ble) 

He:-:hern tree of Jahre Hoy ' ll :30 Cletr, bll~ covert!! 'JI1th ""''' ze.4 Hor:hwest <.! 

Hoy J 12:00 Cleu, b~:t covert~ •odth ""'' :!:?.-4 liorthwest, - 6.0 
... , J )3:00 Cletr, but covered 'JI1th S1'101:t 32.0 Horthwest '·' ... , J 14:30 Clter, but covered with ""'' 32.0 Horth'tlt:st l.J 
... , J 16:15 Cltt:", ta:: covereG w1th ~kt 32.0 Horth'tlt:st u ,,, ' 9:30 Cle.r:r, b::t covered 'JI1th $:l0ke 2L8 Hcrth'Jies: .:.5 

Koy ' 10:00 Cleer. bl:t covered \i'1th s:::.olo:e zs.a lier:hwest <.< 
1\oy ' 10:30 Cleer, bll': covered 'loot:h =" 29.2 Wes: 

'· 7 
Residence 1r • .C.ha&ad1 tree 

... , ' 11:~ Cleer, b~:: covered w1th s.-.oie 30.9 W!s: 2.9 

... , ' 11:30 Cletr, tu:t covered ~<"1th smke n.c liorth'Jitst 5.3 ,,, ' 12:00 Clt.er, !Jut covere~ "'1th Sl:'()kt l2.2 West <.1 
1\oy ' 12:3~ Cleer, but covereG \o"1tl: """ sz.s West~northwes: 3.3 ,., ' 13:00 Cleer, bet covered w1th m:~ke JC.O Northwest 3.1 

''Y ' 13:30 Cleer, but covered w1t~. SDOI:.e 3l.8 West !.8 ,,, ' lC:OO Clet:-, b\Jt covere( w1th nokt 3C.8 Horth;..oest !.1 - 1\oy ' 13:C9 Cleer, but covere:l with ""'' 3C.6 West c. i 
Koy ' 12:30 Cleer, but coverec: lo'1!h Sl:(ll:t 3E..6 Northwest :..2 

(Reference) 

t'>l:tsur1n~ po 1r.t Henur1n' "'" ~ather 
Tt!lliltrature 

W1nd direct ion 
W1nd velo.:1ty 

("C) (c/s) 

Ohellran ( 1n runn1n, vehicle) Apr. 28 1:30 Cleer, ttu: w1th effect of ~3.6 5.2 

' "" 
220 h to KhtfJ1 (In runn1no vehicle) Apr. 28 &:30 Cleer, but lo'tth effect of 21.6 

soo:. 

150 k~t to Klltf J1 ( 1n rcnn tn~ veh 1c le) Apr. " 9:35 Cleer, but covered w1th sc:ote 29.5 Hortl\eest 

60 ttr. to KlltfJ1 (In running veh1c1e) Apr. " 10:30 Clur, b\Jt covered 'ol'1th sc.:~lo:e 2El.C 

l..t .C.n~1an on 1r. Khafj1, 100 kit to Apr. " 11:2C Clear, bu:. covered '!11th s,-,ol:e 2i ,I. 

1nlenC: su 

.c.: J.re!)1an 011 1n KhtfJ1, lCY.I tc to Apr. za lC:OO Cleer, b\Jt covered lo'1th moke 2e.o Subs:ant 1e 11y 

1n1end see no lo'ind 
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Attachment Table 2. Sulfur dioxide (S02 ) measurement results 
-

Sa1r9l ing point Samp 1 i ng t irre Measurerrent Measure~rent resu 1 ts TPpmr 
Aha;.~di Hospital 5/ 1 12:45·5/ 5 10:00 TE o.o2g 

5/ 1 11 :27·5/ 5 9:18 TE 0.0052 

5/ 1 11:20-5/ 5 9:35 Pb 0.0279 

5/ 2 9:59-10:34 AS 0.0233 

5/ 2 10:59-12:01 AS 0.0204 

5/ 2 12:14-13:43 AS 0. 0152 

5/ 2 13:57-15:35 AS 0.0150 

Residence in Aharradi area 
5/ 3 9:58-11:48 AS 0.0045 

5/ 3 12:21-14:!3 AS 0.0060 

5/ 3 14:30-15:45 AS 0.0052 

5/ 3 16:00-5/ 4 9:20 AS 0.0046 
' 

5/ 4 9:50-12:03 AS 0.0084 

5/ 4 12:30-14:00 AS 0.0061 

5/ 4 14:11-15:41 AS 0.0042 

5/ 4 15:55-5/ 5 9:18 AS 0.0025 

Rigga Hospital 5/ 1 10:15-5/ 5 10:55 TE 0.0027 

Environment reservation dept. 5/ 1 8:25-5/ 5 8:10 TE I 0.0014 

Hansouriya Hospital 5/ 1 9:25-5/5 11.:so 1 TE 0.0005 

Northwest side of International Hotel 14/29 18:20-5/ 1 7:35 TE 0.0005 

5/ 1 7:35-5/ 5 7:15 TE 0.0026 

4/29 17:50-5/ 1 €:55 TE <0.0003 

Southeast side of International Hotel 4/30 15:45-21:45 AS 0.0005 

5/ 1 7:05-5/ 5 6:30 TE 0.0110 

Jahra Hospital 5/ 2 9:35-5/ 5 14:33 TE 0.0012 

Northern area of Jahra 5/ 2 11:25-5/ 5 14:55 TE 0.0004 

Note: The method of converting measurements by the lead dioxide 

method (marked with Pb in the measurement column) to ppm 

yields unfavorable accuracy. However, because the Report 

by the Environment Agency 1973 suggested multiplying by 

an average coefficient of 0.032 - 0.036, 0.034 was used 

here. 
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Attachment Table 3. Nitrogen oxide (NO,) measurement results 

San,> 1 i ng point Safl'9ling tirre Heasurerrent Measurement results (ppmj 
() 

Ahamadi Hospital 5/ I 12:45-5/ 5 10:00 TE 0,044 

Residence in Ahamadi area 5/ I 11:27-5/ 5 9:18 TE 0.003 

Rigga Hospital 5/ I 10:15-5/ 5 10:55 TE o.oos 

Environment preservation dept. 5/ I 8:25-5/ 5 8:10 TE 0.030 

Mansouriyc Hospital 5/ I 9:25-5/ 5 11:50 TE 0.041 

Northwest side of International Hotel 4/29 18:20-5/ I 7:35 TE 0.054 
5/ I 7:35-5/ 5 7:15 TE 0.023 

Sou~heast side of International Hotel 4/29 17:50-5/ I 6:55 TE 

I 
0.040 

' 5/ I 7:05-5/ 5 6:30 TE 0.024 

Jahra Hospita 1 5/ 2 9:35-5/ 5 14:33 TE 0,008 

Northern area of Jahra 5/ 2 11:25-5/ 5 14:55 TE I 0.008 

Attachment Table 4. Nitrogen dioxide (N02 ) measurement result 

Sa1r91ing point SarT9l i ng t irre Measurement I Measurement results [ppm] 

Aharnedi Hospital 5/ l 12:45-5/ 3 16:25 FB 0.014 

5/ 3 16:25-5/ 5 10:00 FB 0.010 

Residence in Ahamadi area 5/ l 11:27-5/ 2 10:00 FB 0.019 

5/ 4 10:45-5/ 5 9:34 FB 0.003 

Rigga Hospital 5/ 1 10:15-5/ 5 II :50 FB 0.022 

Environment preservation dept. 5/ I 8:35-5/ 5 8:25 FB 0.014 

Hansouriya Hospital 5/ I 8:57-5/ I 21:27 FB 0.024 

5/ I 8:57-5/ 2 I 0:07 FB 0.017 

5/ I 8:57-5/ 5 13:30 FB 0.012 

5/ I 9:27-5/ 5 12:30 FB 0.015 

Northwest side of International Hotel 5/ 2 7:25-5/ 3 7:30 FB 0.003 

5/ 3 7:10-5/ 4 7:25 FB 0.002 

5/ 4 7:!3-5/ 5 7:00 FB 0.002 

Southeast side of International Hotel 4/30 19:24-5/ I 7:10 FB 0.002 

5/ I 7:10-5/ 2 7:10 FB 0.033 

5/ 2 7:10-5/ 3 7:10 FB 0.004 

5/ 3 7:30-5/ 4 7:13 FB 0.001 

51 4 7:25-5/ 5 6:30 FB ··o.oo3 

Jahra Hospital 5/ 2 9:35-5/ 5 l4:3a 1 FB 0.006 

Northern area of Jahra 5/ 2 11:28-5/ 5 14:541 FB 0.001 
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0 (Reference) 

Sarrpl ing point Sall"lj)ling time Measure~rent Measurement results (ppm] 

l ndividua 1 Central area in Ahamadi 5/ 2 10:07-5/ 3 10:30 FB 0.012 

exposure 
Metropolitan area in 5/ 1 10:00-5/ 1 21:00 FB 0.03< 
Kuwait 5/ 1 10:00-5/ 1 21:00 FB 0.034 

5/ 2 9:00-5/ 2 22:00 FB 0.018 

5/ 2 9:15-5/ 2 19:20 ra 0.01< 

5/ 2 9:15-5/ 3 7:10 FB 0.008 

5/ 4 7:30-5/ 5 6:40 FB 0. 010 

Inside (International Hotel) 5/ 3 7:18-5/ 4 7:36 FB 0.002 

Bahrain 5/ 6 19:15-5/ 9 7:55 F6 0.020 

,·,,_. 
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Attachment Table 5. Particle matter measurement results 

tlcasurc- Oust 
1 

oar 
Measurement point tlcasuring t imc mcnt [mg/m ] [,,g/m'J 

Residence In Ahamadi area 5/ I 12:07-5/ 2 9:30 AS 1.01~ 0.02550 
5/2 9:59-10 3~ AS 0.000 0.01120 
5/ 2 10:59-12 01 AS 0.307 0.00919 
5/ 2 12:14-13 ~3 AS 0.309 0.01230 
5/ 2 13:57-15 35 AS 0.075 0.01010 
5/ 3 9:50-11 ~8 AS 0.003 0.00135 
5/ 3 12:21-14 13 AS 0.463 <0.00002 
5/ 3 14:30-15 ~5 AS 0.637 0.00600 
5/ 3 16:00-5/ 4 9:20 AS 0.339 0.00057 
5/ ~ 9:50-12:03 AS 0.739 0.00500 
5/ 4 12:30-1~:00 AS 0.250 <0.00003 
5/ 4 H: 11-15:~1 AS 0.211 <0.00003 
5/ ~ 15:55-5/ 5 9:18 AS 0.101 0.00045 

Sou1hcost side of Jntcrnotlonal llotcl 4/30 15:~5-21:45 AS 1.000 <0.00010 

Ahmnad I llosp I tal 5/ 3 16:38-5/ 5 9:56 PP - 0.00253 

Residence in Ahamadi area 5/ I 12:00-5/ 2 10 25 pp - 0.00657 
5/ 2 9:~~-5/ 3 15 45 pp - 0.00103 
5/ 3 10:30-5/ ~ 9 35 pp - 0.00074 
5/ 3 15:58-5/ 5 9 27 PP 0.000~1 

Environment preservation dept. 5/ 1 8:30-5/ 2 0 35 pp - 0.00003 
5/ 3 0:00-5/ 4 0 00 PP - 0.00008 
5/ ~ 0:00-5/ 5 8 10 PP - 0.00005 

llorthwest sIde or Inlcrnil tiona 1 llotc 1 5/ 1 7:40-15:50 PP - 0.00018 
5/ 1 16:10-5/ 2 7 00 pp - 0.00096 
5/ 2 7:00-5/ 3 7 25 rr - 0.00032 
5/ 3 7:25-5/ 4 7 05 rr - 0.00009 
5/ 4 7:10-5/ 5 7 10 PP - 0.00005 

Southeast side or International llotcl ~/29 15:00-~/30 18 30 pp - 0.00009 
~/30 10:~5-5/ I 7 00 rr - 0.00069 
5/ I 7:15-5/ 2 7 15 rr - 0.00011 
5/ 2 7:21-5/ 3 7 05 PP - 0.00030 
5/ 3 7:05-5/ 4 7 22 pp - 0.00005 
5/ ~ 7:27-5/ 5 6 30 pp - 0.0000~ 

Ahamadi llospltal 5/ I 9:31-11:07 PO 0.151 -
5/ I 13:30-13:40 PO 0.420 -

u u 

T-C I·C 

[l•g/m3] 

536.2 ~~5.3 
39~.0 311.0 
163.9 H0.5 
97.9 73.4 

151.5 92.6 
51.0 <1\2.0 

<43.0 <43.0 
<60.0 <68.0 
51.2 44.7 

130.0 <97.0 
<72.0 <72.0 
<72.0 <72.0 
2~.8 16.~ 

<3~2.0 <342.0 

- -
- -- -
- -
- -
- -
- -- -
- -- -- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -

Cl so, 1/0, v Cd Pd 

[•g/m3] [,,g/m'J 

10.3 25.3 3.5 < 5 <0.6 < 6 
60.1 50.2 <11 <11 <1.4 <I~ 

21.6 9. 7 < 6 < 7 <0.6 < 0 
13.0 10.0 < ~ < ~ <0.6 < 6 
16.3 20.3 ~. 7 < 5 <0.6 < 6 
3.3 15.4 < 3 < 3 <0.3 < 3 
2.~ 12.4 < 3 < 3 <0.3 < 3 
3.6 15.2 < 4 < 4 <0.5 < 5 
2.9 9.9 0.6 <0.5 <0.1 < 1 
6.5 17.0 < 6 < 6 <0.8 < 8 
6.4 6.2 < ~ < 4 <0.6 < 6 
1.5 5.1 < 4 < 4 <O.G < 6 
1.1 3.1 0.2 < 0.2 <0.03 <0.3 

7.0 33.7 <21 <20 <2.5 <25 

- -
- - - - - -
- - - - - -
- - - - - -- - - - - -
- - - - - -- - - - - -- - - - - -
- - - - - -
- - - - - -
- - - - - -
- - - - - -
- - - - - -
- - - - - -
- - - - - -
- - - - - -
- - - - - -
- - - - - -
- - - - - -
- - - - - -
- - - - - -

~---

0 



..... 

..... 

0 

--------

Res ldcncc in Ahmn.uli area 

Southt?ast side or International llotel 

5/ 1 
5/ I 
5/ I 
5/ I 
5/ I 
5/ 2 
5/ 2 
5/ 2 
5/ 2 
5/ 2 
5/ 2 
5/ 2 
5/ 2 
5/ 2 
5/ 2 
5/ ~ 
5/ ~ 

~/29 

Hcilsurc~ ncasuring t imc mcnt 

12:11-12:21 PO 
12:31-12:~1 PIJ 
12:36-13:3~ PU 
1~:03-11:25 PIJ 
1~: 10-15:~3 PO 
9:~1-10:03 Pu 

10:00-11:09 PO 
12:03-12:13 PIJ 
12:20-12:31 PO 
12:~5-12:55 PIJ 
12:57-13:10 PU 
13:~9-13:59 PD 
1~:12-1~:22 PD 
15:00-15:10 PO 
15:20-15:31 PD 
10:30-12:10 PO 
12:15-15:52 PD 

10:25-11:25 PD 

0 

Ou!ll 
3 

Oi\P T -C 1-C 
[1119/m ] [,•g/m'J [J•g/m'J 

0.190 - - -
0.7~0 - - -
0.300 - - -
0.636 - - -
0.~09 - - -
0.952 - - -
0.576 - - -
0.669 - - -
0.706 - - -
0.750 - - -
0.2DD - - -
0.302 - - -
0.~10 - - -
0.9~6 - - -
0.756 - - -
0.31fi - - -o. \'33 - - -.. -
0.000 - - -

0 

Cl so, uo, v Cd Pd 

["g/m'J [J•gim'J 

- - - - - -- - - - - -
- - - - - -- - - - - -
- - - - - -- - - - - -
- - - - - -- - - - - -
- - - - - -- - - - - -- - - - - -- - - - - - -- - - - - -- - - - - -
- - - - - -- - - - - -
- - - - - -
- - - - -



(Reference) 

Dust BaP 
Sarrpl ing point Sarrpling tin-e Measurerrent 

[I!YiJ/m'J [•g/m3
) 

Khafji-burning oil well side- metropolitan 4/28 14:00-4/29 15:00 pp - 0. 00007 

area in Kuwait 

On the premises of Arabian Oil in Khafji 4/28 12:03-13:42 pp I - <0.00009 

On the premises of Arabian Oil in Khafji 4/28 14:48-12:05 PO I 0.035 -

230 ~m to Khafji (in running vehicle) 4/28 8:13- 8:28 PO 0.573 -
On the road from Khafji to Ohahran (in 4/28 7:39- 7:59 

I 
PO 0.837 

I 
-

running vehicle) 

Inside (residence in Ahamadi area) 5/ 2 12:07-12:27 PO 0.2!0 -
5/ 2 12:42-13:02 PO 0.282 -

' 5/ 2 14:16-14:41 PO 0.20.; -
5/ 2 15:13-15:33 PO 0.538 -
5/ 3 14:53-15:23 PO 0.058 -

Note 1: BaP represents benz (a) pyrene, T-C total carbon, I-C 

inorganic carbon. 

Note 2: With the personal dust sampling unit method, all dusts 

with particle.sizes of 7 ~m or less are eliminated bu~ 

~hey remain in other sampling methods. 
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INTROiiilcT!i>N 

IMPACT OF OIL WELL FIRES ON AIR QUALITY 

IN THE URBAN AREAS OF KUWAIT 

I. POLLUTION BY PARTICULATES LESS THAN lOu 

Particulates in air constitutes a wellknwn health hazard • 

The. association of the particulates with the S02 as the principal 

pollutant is well documented (WHO, 1990). Kuwait had always 

suffered of high particulate loads (El Desouky et al, 1985). 

However a large proportion of the particulates are derived from the 

soil. 

The relation of the particulates load and the health impacts 

was discussed by the WHO working group on Assessment of Risks to 

heafth from Smog Episodes. The level of 24 hour average 

c onc.entra tion of 200 ug/m3 particulates is believed to be associated 

with small, transient decrements in lung function (FVC, FEV1) in 

children and adults, which may last for 2-4 weeks. 

The magnitude of the effect is in the order of 2-4% of the 

group mean and is classified madera te. When the concentration is 

250 ug/m3 (black smoke), the health effect would be increase in 

respiratory morbidity among susceptible adults (chronic bronchitis) 

and possibly children. The overall effects are moderate. Increase 

in mortality among elderly and chronically ill people are associated 

with levels of 500 ug/m3 and the effect is classified as severe 

(WHO, 1990). 

The US EPA uses slightly different criteria. The national 

air quality standard is taken as 150 ug/m3 TSP. The alert level is 

350 ug/m3. At this level mild aggravation of symptoms is 

experienced by susceptible persons. Irritation symptoms are 

reported in the healthy population. Persons with existing heart or 

respiratory ailments are advised to reduce physical exertion and 

outdoor activity. The warning level is 420 ug/m3. This is 

0 
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associated with significant aggravation of symptoms and dec rea sed 

exercise tolerance in persons with.heart or lung disease, with 

widespread symptoms in the healthy population. At this level, 

elderly and persons with existing heart or lung disease should stay 

indoors and reduce physical activity. 

The level of 600 ugfm3 is classified as being_associated with 

significant harm. At this level, premature death of ill and elderJ.y 

is seen and heal thy people experierx:e adverse symptoms that affect 

their normal activity. All persons should remain indoors, keeping 

windows and doors closed and minimize physical exertion. Starting 

from 1987, the PM-10 reference method, given in the Code of Federal 

Regulations (40 CFR 50, Appendix J), replaced the total suspended 

particulate (TSP) standard to focus concern and control from the 

larger particulates to the more health-threatening, respirable 

particulates. 

In Kuwait, a large volume of information is available as a 

result of the data collected about the dust. Information about dust 

fall were collected from 12 sites. TSP samples were collected since 

1980 from 4 sites covering the urban areas. The data have been 

reported to GEMS since 1980. The geographic distribution shows that 

the commercial residential area had relatively higher particulates 

load (699 .5 ug/m3). However, the correlation between the values 

reported in the different sites was quite high. It ranged between 

(r = .875 and .966). 

Monthly variability was quite evident with very high loads in 

June ( 1191.6 ug/m3). The minimum was seen in December (318 .6 

ug/m3). Friday the weekend had slightly lower mean (574.3 ug/m3). 

Weather conditions had a marked impact on the particulates load. 

The mean with the dust storms (1852.0 ug/m3) was much higher than 

that with t·,.~,.ng sand (868 ug/m3), dust in suspension (638 ug/m3) or 

dust haze (397 ug/m3). 

The particle sizes, taken by Andersen head, from different 
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sites showed seasonal variability similar to that seen for the TSP, 

This was also seen with the weather phenomena. The clear weather 

had 141.9 ug/m3 of 7 microns or over and 87,2 ug/m3 of (1,1 micron 

(61.5%). With dust storms, the corresponding values were 910,2 and 

698,0 ug/m3 (76,7%). 

Starting from 1989, The high volume TSP was replaced by PM10 

smaplers. The samplers were used to investigate the particulate 

loads resulting from the quarries operation and the contribution of 

offroad vehicles to the particulate loads. They were installed on 

jeeps and provided with mobile generators to provide the needed 

power. In Kuwait, the health significance of the particulates and 

its chemical composition is expected to be quite different from the 

types seen in Europe, USA, Japan or other industrialised countries 

~Bennett et al, 1985). 

The programme was interrupted on the 2nd of August 1990 when 

Iraq invaded Kuwait. Two of the 3 PM10 samples were taken away 

together with the jeeps and the generators. The programme was 

restarted by the end of April 1991, However we went back to the 

TSP, The samplers were installed at the general hospitals where 

power was available. The sites were different from what was used 

before. The samples were analysed for trace metals and organics at 

the EPD lab, Some of the samples were sent to the USA & UK for 

quality control. 

Several teams visited Kuwait in the last few months and took 

air samples in an attempt to assess the pollution problem resulting 

from the well fires. The US EPA took samples from 2 urban sites, 

namely the US Embassy and Um Al Heiman. At the Embassy, the levels 

were 10 and 55· ug/m3. At the other site, 320 ug/m3 was reported. 

The other sites were mostly in the oil fields. Though a numbeL v. 

samples were taken at Ahmadi Hospital, the levels were variable and 

ranged from 120 to 935 ug/m3. A group from Harvard School of Public 

Health and another from Japan took samples, but they were pureiy 

interested in toxicity testing rather than assessment of the total 

particulate load. 

0 
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MATERIAL & METHODS 

The study is designed to examine the distribution of the 

respirable particulates in the area to the east and north of the 

Burgan oilfield. The original design included a point to the south 

east at Al Zoor and another point in the immediate vicinity of the 

field but no sui table or safe site could be found at the time the 

investigation started. The sites used for sampl;.ng are shown in 

Fig • ( 1) • 

The samplers used are the portable PMlO designed by Iir. John 

Scheweiss of US EPA. The equipment was given to EPD as a loan by 

the courtesy of the US EPA as a part of the US Gulf Air Monitoring 

Programme covering Saudi Arabia, Kuwait, Bahrain, and Qatar, The 

samplers are battery operated and have a constant rate of 5 

litersimin. The air is passed tl-,rough pretreated, dried, and 

weighed Whatman Ultrapure quarts filter paper, 

The sampling program.me covered 10 weeks (1 May - 10 July). 

The samples were taken daily starting around 9 A.M. and the samplers 

were run for 24 hours. The samplers are provided by timers and a 

digital counter for the total volume of air handled by the samplers. 

The samplers were calibrated by the EPA before being delivered and 

the behaviour of each of the samplers were cross checked by running 

each for a fixed time (30 min.) several times and the consistency of 

the sampler was determined, Two samplers were also run together in 

the lab, This was also repeated in the field by taking particulate 

sa ples by rotating one of samplers among the sites. 

The investigation is a part of the more extensive one which 

inc 'udes running three fixed Sierra PM lOs, two TSP, one Andersen 

head and several dustfall buckets,· Almost half of the samples 

(collected on the even days) were sent to the States for analysis of 

the trace metals and the organics, The results are not yet 

a ailable and the local capabilities which were severely crippled as 

a result of the Iraqi invasion is being upgraded to handle the other 
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other half of the filters as a quality check. The present report 

will be limited to the discussion of the weights at the different 

sites and the factors that probably influenced the results, 

RESULTS: 

The mean concentration of PM10 reported for the different 

sampling sites is shown in Table (1), Ahmadi had the highest 

particulate load (338,3 ugm/m3) followed by Fahaheel (309,9 ugm/m3), 

The lowest was in Salmiya (249.6 ugm/m3). The levels seen for 

Farwaniya (256,8 ugmfm3) was slightly lower than that for Andalus 

(273 ,9 ugmfm3). It i·s interesting to note that apart from Ahmadi 

and Fahaheel the mean for the other sites was lower than the overall 

mean. 

Table (1) 

The mean concentration of the PM10 
according to the location 

Location Mean s .d. 

Salmiya 249.6 330.2 

Fahaheel 309,9 257.1 

Ahmadi 338.3 304.3 

Farwaniya 256.8 284.3 

Andalus 273,9 354 ,8 

Total 287,4 307.3 

No. 

55 

66 

69 

66 

67 

323 

The correlation between the daily particulates load at the 5 

sites is shown in Table (2). The highly significant positive 

correlation points to the tendency of the values to change in the 

same direction due to the preserce of a number of factors affecting 

the different sites in a similar way. The proximity of the sites 

should be considered. It is interesting to note that relatively 
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higher correlation was found between Fahaheel and Ahmadi (r 

= .929), both in the proximity of the major oil field. The 

relatively weak correlation between Salmiya and the other sites 

( .851- .890) could also be explained by the presence of the site on 

a promontory projecting into the Gulf relatively away from the 

direct impact of the plume. The correlation between the 

particulates load between Farwania and Andalus ( .929) was also 

~~L" nigh. Both sites are to the north of the Burgan field • 

Salmi a 

Fahaheel 

Ahmadi 

Fa rwania 

Andalus 

Table (2) 

Correlation coefficient matrix between the PM10 

recorded at the various sampling sites. 

Salmi a 

.851 

.895 

.890 

.895 

Fahaheel 

,929 

.883 

.888 

Ahmadi Farwania 

.924 

,890 .933 

Andalus 

The daily mean in micrograms/m3 for the 5 sites is shown in 

Fig. (2). The data for the individual sites are found in the 

Appendix. The overall mean for the whole period was 287.4 ugm/m3. 

Much higher levels were seen on 17 and 22nd May. The level was 

also higher than the overall mean in the period 20-25 of June and 

a round the 9th of July. 

Various factors would influence the daily flue tua tions in 

the particulates concentration. Wind speed is probably the most 

important. Strong winds are likely to ventilate the plume and 

thus lower the concentration. It is also known that it would stir 

up the soil and cause the suspension of soil 'dust into the air. 
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The overall mean concentration according to the wind speed is 

shown in Table (3). With calm wind the concentration (299.4 

ugm/3) was slightly higher than the concentration with stronger 

winds and this was seen up to 4 m/s. The drop was quite steady 

and persistent, though the difference was quite small. 

Table (3) 

The mean concentration of the PM10 
according to the wind speed 

Wind Speed 
(m/s) 

<2 

2-

3-

4'-

5+ 

Mean s .d. 

299.4 172.9 

288.8 188.2 

278.6 440.2 

263.9 267.3 

367.1 267.7 

No. 

42 

86 

107 

105 

29 

With the strongest winds (5 m/s or more) the concentration 

was appreciably higher (307.1 ugm/3). These are the days shown as 

a peak on the graph Fig. (2). Sand storms are frequently seen in 

the summer months in Kuwait and they are known to be accompanied 

by heavy particulate loads (El Desouky et al, 1985). The dust 

storms by definition are accompanied by strong wind and diminished 

visibility due to the dust obstructing sunlight. Unfortunately no 

differentiation according to the weather phenomena is possible 

because the Meteorological Department is not func tioi ni ng at the 

time being • 

() 
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Table (4) 

The correlation coefficient between the total 
particulates load (PMlO) and the mean wind speed 

recorded at the different AQ Stations • 

Loca tioon Total Exc • 5T!l/ s 

Salmi a ,075 -.047 

Fahaheel -.115 -.138 

Ahmadi -.097 -.019 

Farwania -.030 -.079 

Andalus .017 -,036 

Total -.029 -.089 

The correlation between the wind speed and the overall mean 

particulate load in the different locations is shown in Table (4). 

The correlation coefficient was calculated for the total samples and 

after excluding the days in which the wind speed was 5 m/s or higher 

the difference is quite clear. With the total, the overall mean 

gave a week negative correlation (- .029). A week negative 

correlation is also reported for Fahaheel (-.115), Ahmadi (-,097) 

and Farwania (-.030), These 3 sites are nearer to the principal 

oilfield on fire, An insignificant positive correlation was found 

in the more remote areas (Salmiya = .075 and Andalus = ,017). 

Excluding the cases in which the wind speed was 5 m/s or 

over, the picture changed slightly. The correlation was negative 

and this was seen for all the sites. Relatively stronger 

coefficient of correlation was seen with Fahaheel (-.138) and 

Farwania (-.079), This is quite different fran what is expected and 

what was previously reported for the last years. The effect of the 

plume is influencing the picture to a great extent • 
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A significant negative correlation was seen be tween the daily 

particualte load and the level of the solar radiation reported at 

the Ma nsoria air pollution monitoring station (- ,350**) and with the 

UV (-.397). This is an indication of the plume passing over the 

monitoring site. No solar measurements are available at Reqa 

station which is more close to the oilfield. The correlation 

between the intensity of the solar radiation and UV is shown in Fig. 

(3-A & B). The coefficient with the solar was (-.350) and with the 

UV (-,397). This is much higher than the correlation between the 

wind speed. The significant correlation shows clearly the l:ligher 

concentration of the particulates with the drop in both the UV and 

solar radiation due to the passing plume. 

The other factor that is relevant is the wind direction. The 

effect will show in the geographical distribution of the 

particulates, The data for the wind direction is available from the 

measurement done by the air pollution monitoring stations at 

Mansoria and Reqa. The prevailing wind direction is not always 

similar the 2 sites due to the influence of the heat islands. The 

distribution of the overall concentration reported for the 5 sites 

according to the wind direction reported for Mansoria is shown l n 

Fig. (4-A). 

The concentration was quite low with winds blowing from the 

west (2 ,33 ugm/m3), NW (253 ,7 ugm/m3) or the east (264 .7 ugm/m3) • 

The highest was seen with the northerly winds (650,2 ugm/m3), This 

was significantly higher than the 1 owes t 3 means. With the winds 

blowing from the SE, and the SW. which is the direction of the 

Burgan oilfield, the concentrations were quite high, though they 

were not significantly different from the concentration recorded 

with the west, NW or easterly winds. 

A similar picture is seen with the wind direction reported 

for Reqa (Fig. 4-B). Higher overall mean was seen with winds 

blowing from the NW (729 ,3 ugm/m3). This was significantly higher 

than the means reported with the NW (149,3 ugm/m3), the SW (194,3 

0 
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ugm/3), the west (280.0 ugm/m3) or the north (313.8 ugm/m3). The NW 

winds is not likely to bring the plume in the direction of the 

sites. The southerly winds is the most likely candidate. The mean 

with this direction (633 .3 ugm/m3) was appreciably higher than that 

reported with any other wind direction except for the NE. 

The concentration of the level at each of the sampling sites 

with the wind direction recorded at both the Mansoria and Reqa is 

shown in the Appendix. 

The colour of the filter paper is quite important. The smoke 

coming from the well fires is likely to give the filter papers a 

black colour. Less heavy loads is likely to give the filter papers 

a grey colour. The overall mean concentration according to the 

colour of the filter paper is shown in Fig. (5). The colour of some 

of the filters was not changed appreciably and these were termed 

white. These had the lowest overall mean (117 .9 ugm/m3). The grey 

filters came next with almost double the load (257.7 ugm/m3). 

The brown filters had the highest par tic ula te 1 oad ( 1388 .0 

ugmfm3) •. Th;is was significantly higher than the mean with all the 

other colours. It is interesting to note that the number of filters 

with this colour did not exceed 8 cases. The black filters had a 

mean of 295.2 ugm/m3 and this was significantly higher than that for 

the white filters. It is interesting to note that the filters which 

had a light colour that could not be assigned to either grey or 

brown, had a higher mean (278.8 ugm/m3) compared to the grey (257 .7 

ugm/m3). The contribution of the soil dust is disturbing the 

picture very much. It was expected to find the highest loads with 

the black filters, followed by the grey, the light and the white • 

However, the colour of the sand is covering up the black tinge of 

the filters and causing a rather inconsistent distribution pattern. 

DISCUSSION: 

Kuwait always had a heavy particulates load, mainly due to 
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the prevalence of sand and dust storms. The 

scorching hot summer, the extensive sand sheets, 

arid climate, the 

and the fresh winds 

are contributing factors. The anthropogenic factors as the 

overgrassing of sheep, offroad vehicles and quarrying for gravel and 

sand are disturbing the surface sand making it much more friable and 

prone to saltation by the wind. Added to this background is the 

particulates load resulting from the oil well fires. 

The magnitude of the problem is not clear, and estimates of 

the amount of smoke varies widely, according to the quantity of oil 

burned and the emission rate. The rates range be tween 5-15 gin/kg of 

oil burnt. Based on the official figure of 6 m barrels, between 

30-90 thousand tons of smoke is being emitted into the air daily. 

The impact on the level of particulates on the ground level is a 

matter of speculation. With the plume rising to 2-3,000 of meters, 

.\ 
\J 

the contribution of the particulates load on the ground is likely to ·:) 

be much smaller than what would be expected. 

The samplers used in this investigation are rather new, and 

have never been tested in a hostile el!l1iroment and hot climate like 

that in the stunmer in Kuwait, but they behaved in a very reliable 

manner. The variability within the samplers and the consistency of 

the different samplers and their tolerance is worth mention. The 

reading taken by the samplers correlated well with the Fixed PM10 

and more samples are being taken at the moment. 

The influence of the well fire on the particulates load is 

quite substantial. This could be calculated from the negative 

correlation between the wind speed and the weight of the 

particulates which is very much different from what was reported in 

the previous years where a very strong positive correlation was 

reported (El Desouky et al, 1985). The positive correlation between 

the particulates load and the drop in the intensity of the solar 

radiation would further support this point. The levels reported 

here are within the range found out by the US EPA though they were 

merely source related. 



() 

:~ 

' • 

/ ;· 
/ 

/ 

I 

. /'_../ 

I . 
I 

I 
/· 

~--·-·- . I 

II Oil Field 
l.Burgan 
2.Manakeesh 
3.U111-Qudair 
4.Watra 
5.Mutreba 
6.Rawdata.in 
7.Sa.briya 
S.Bahra 

•' 

·----- ' . ·-. . 
-·;.-i "' 

"\ · ';r~ 
i ' . 
'\ 

·--·-

Distr 
1. Han: 
2. Jahl 
3. Fah• 
4. Khe• 

Lo~ d ~ 7!;:1 .y'-6 rJJr~ 

/b uc:; a"' ~ 



-· 

~.~----------~~-

_J 
' -... 

"' -
·- 0 )f.. r __, 

. ·- -
\ \ f 
,. .~ 

-!. __ 

' 
:J 

-~ 
-,·-) 

J . ' 
,'· 

\ 
. ! " ~ -' ,, 

I 

. ·' ,, 
--.. 



,J 

0 

] 
] 

. T 



~~-:. -: 
-.' 

'~; ... 
. - .. . 
. '. : 

.. . : ... .... ~· : .... 
·-- ... 

.. ~: 
,._ 

~ ~-- .· 
_: .. _. 
···.·.-: 
-· ··.:.-.-

,.· 
~- . 

-r~(e.1At Daily mean PM10 loads 
May - July 1991 • 

--------------------------------------------------------------
Hay June July 

Date -------- -------- -------- -------- -------- --- ---
Me;;tn s .d. Mean s .d. Mean s .d . 

--------------------------------------------------------------
1 367.4 259.4 67 .3 47.7 144.6 82.2 
2 530.4 152 .1 117 .o 17 .1 46.8 40.5 
3 340.3 o.o 52 .9 38.4 227.3 36 .1 
4 163.7 46 .7 246.5 39.3 344.9 43 .3 
5 176 .9 119.1 '422 .6 75.3 193 .s 16 .7. 
6 133 .2 60.9 282 .o 52 .6 189 .9 43.8 
7 261 .8 220.9 195 .6 48 .2 257.4 44 .7 
8 278.6 107.8 102.7 28.6 • 6 75 .2 115 .o 
9 167.4 184 .7 105.5 so .7 • 393 .6 77 .o 

10 292.0 74.3 135 .8 39 .o 254.3 45 .3 
11 127.3 45.7 189 .9 58.7 
12 255.9 114.3 117.9 16.5 /) 
13 244 .1 121 .4 171 .s 26 .s . 
14 338.5 171 .6 218.1 117 .4 
15 136.7 15 .7 174.8 so .8 
16 633.3 204.8 200.3 29.6 

•17 1329.7 275.4 • 631 .s 344.8 
18 289 .s 42.9 273.2 64.8 
19 233.3 113.7 316.5 72.6 
20 177 .o 116.6 366 .4 119.7 
21 586.9 212.2 '395 .3 80 .s 

• 22 2029 .4 291 .1 257 .4 o.o 
23 251 .s 135 .9 • 57 4 .8 144.6 
24 181 .2 39 .s • 500.1 54.3 
25 34.2 14 .1 362.9 169.9 
26 196.9 148.7 148.0 16 .4 
27 377.7 15 .4 172.2 60.0 
28 142.1 52.1 281 .9 76 .7 
29 54 .o 28.1 104 .1 51.3 
30 57.3 58.4 204.6 71.3 
31 28.0 26 .4 

--------------------------------------------------------------
Mean 390.2 430.7 243.2 168 .5 272.7 173 .4 
No. 132 141 so 

-------------------------------------------------------------- .J 
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The daily mean particulates less than 10 mi..crons recorded at the 5 sites 
in the residential areas of Kuwait in the period May 1 to July 10, 1991. 
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Correlation between the measurement taken by the portable and 

the standard PMlO was highly significant ( .949**). The levels 

measured by the portable are particularly lower than the fixed 

sampler. The ratio was 74.4%. The scatter between the mean daily 

values taken by the two samplers is shown in Fig. (6). Another 

study is in progressing measuring the levels at three sites 

simultaneously and better correlation will be computed. 

No data about the content of the particulates will be 

discussed at this stage. Further investigation using the same 

samples have been designed. In addition to the c ompa rison between 

the particulates and the Fixed A.'!lO, the indoor out door level will 

be investigated in a number of houses, hospitals and schools. 

Another study will look into the day and night loads. A third study 

will use acetate filter to examine for the soot. A short study will 

be made in the next fall to the north and south of the Burgan oil 

field to try to locate the site of the impact of the plume, after 

the fires are extinguished to a large extent, and the plume is 

likely to be much lower. 
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Daily mean PM10 loads 
May - July 1991, 

June July 
Date -------- -------- -------- -------- -------- --- ---

1 
2 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

Mean 
No. 

Mean 

367,4 
530.4 
340.3 
163 ,7 
176 ,9 
133 .2 
261 ,8 
278.6 
167.4 
292 .o 
127.3 
255.9 
246 ,1 
338.5 
136.7 
633.3 

1329.7 
289.5 
233;3 
177 .o 
586,9 

2029.4 
251 ,5 
181 ,2 
34.2 

196.9 
377.7 
142 .1 

54 .o 
57.3 
28 .o 

390.2 
132 

s .d. 

259.4 
152 .1 

0.0 
46 .7 

119 .1 
60.9 

220.9 
107 ,8 
184 ,7 
74,3 
45,7 

114.3 
121 ,4 
171 ,6 

15 .7 
204,8 
275.4 
42,9 

113.7 
116 ,6 
212 ,2 
291 .1 
135.9 
39.5 
14 .1 

148.7 
15 ,4 
52 .1 
28 .1 
58.4 
26 .4 

430.7 

Mean 

67 ,3 
117,0 

52.9 
246.5 
422.6 
282 .o 
195 ,6 
102 .7 
105,5 
135 .8 
189 ,9 
117 .9 
171 .5 
218.1 
174 .8 
200.3 
631 .5 
273.2 
316.5 
366 ,4 
395.3 
257.4 
574,8 
500.1 
362,9 
148 .o 
172 .2 
281,9 
104 .1 
204.6 

243.2 
141 

s .d. 

47.7 
17 .1 
38,4 
39.3 
75 .3 
52 .6 
48.2 
28.6 
50.7 
39 .o 
58.7 
16 .5 
26 .5 

117 .4 
50 ,8 
29 ,6 

344,8 
64 ,8 
72 .6 

119 .7 
80.5 

0 .o 
144 ,6 
54 .3 

169.9 
16 ,4 
60,0 
76,7 
51.3 
71.3 

168.5 

Mean 

144 ,6 
46.8 

227,3 
344 .• 9 
193 ,5 
189 ,9 
257,4 
675.2 
393,6 
254,3 

272.7 
50 

s .d. 

82 .2 
40.5 
36 .1 
43 ,3 
16 .7 
43,8 
44 ,7 

115 .o 
77 .o 
45 ,3 

173.4 
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BACKGROUND: 

IMPAcr OF OIL WELL FIRES ON AIR QUALITY 

IN THE URBAN AREAS OF KUWAIT 

II. POLLUTION BY NOXIOUS GASES 

Before the iraqi troops were forced to pull out from Kuwait, 

they set fire to all the oil wells, gathering centres and tank 

farms. The quantity of oil that would have been ignited were 

estimated by Small (1991) to be around 13 million barrels in the 

firsi: week based on a storing capacity of 10 days. The real 

quantity burnt in the first week f oll owing the setting of· fire is 

probably much lower than that estimated by Small (1991) since the 

Iraqis shipped some of the refined products to Iraq. Most of the 

crude.· in the Ahmadi tank farm was discharged into the sea exchanging 

one pollution crime with another. Some of the crude was also pumped 

in a· trench dug along the Saudi/Kuwaiti border to deter the invasion 

of the all~ed troops. 

Tl- .. "Stimates of the quantity of crude burnt daily differed 

as much as the workers that made them. Small (1991) suggested 1.6 

million barrels based on the quantity exported before the war. 

Schumann (1991) reported that estimates are very uncertain. They 

may vary be tween 100 thousand to one million tons/day and that the 

weak convection seen from space suggest amounts less than 220 

thousand barrels/day. MEPA (19 91) estimates the quantity of oil 

burnt at 5 million barrels toge-ther with 70 million m3 of associated 

gas daily from 516 oil wells. The same estimate was made by US 

Interagency Air Monitoring Team. Another estimate by the Rese~rch 

Institute, King Fahad University in Saudi Arabia, based on 

productivity put~ the burnt crude at 2.4 million barrels and the gas 

at 34 million m3. Based on data collected from aircraft, UK 

Meteorological Office (1991) estimated the amount of crude burnt to 

4.1 million barrels/day; however an error of 40% was anticipated and 

a range of 2.5-5.7 million barrels/day was estimated. The official 

figures announced by the Ministry of Oil in Kuwait in April 1991 is 

6 million barrels/day. 

0 
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The rate of ex ti ngui shi ng the fire is c ollec ti ng marne n tum and 

by nCM the number of wells that were successfully capped is about 

240. Most of the effort is directed to the Burgan field owing to 

its vicinity to the urban area, the large number of wells on fire 

an· the relatively high quality of the crude extracted from the 

fields. 

The quantity of oil is reflected on the amount of pollutants 

being emitted. However estimates as regards the rate of emission is 

not agreed upon by different workers. The percentage of the ·soot or 

smoke being generated varied between 5-15% (Schumann, 1991). Small 

(1991) based on laboratory finding, estimted the smoke to range from 

20-98 G/Kg with an average value of 73 ± 25 G/Kg of crude, with 69% 

e.Lemental carbon. Mathallad et al (1991) from measurement of smoke 

collected on filters and C02 concentration of aeroplane samples 

estimated the smoke to be 110 G/Kg of crude. However, this is ar 

upper boundary. 

The amount of the sulphur in the crude was also estimated to 

vary between 2.1-4 .• 1% on the mean. Some of the fields, namely 

Wafra, Managish and Um Qader are believed to have more sulphur. The 

estimate of NOx also varies within an order of magnitude. Based on 

a temp of ignition of 3000° F, the expected quantity of NOx is much 

higher (30,000 tons/day) than that suggested by the UK 

Meteorological Office (1991) of 1,400 tons or by Browning et al 

(1991) (650 tons). The Research Institute, King Fahad University, 

based on 2.5 million barrels of crude burnt daily estimated that 

20,000 tons of S02, 1500 tons of particulates, 250 tons of CO and 

500 tons of NOx are emitted to the atmosphere daily • 

The height of the plume is rather critical. Small (1991) 

_expected the plume to rise to 1-3 Km for desert conditions from 

large pools of oil. From individual wells a height of 700 meter was 

suggested. However, small (1991) stated that higher and lower 

heights were probable. Other estimates vary from 1,000 to 5,000 m. 

Aireal surveys showed a very complex picture. The height of the 
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plume was different from time to time. At times a single plume was 

seen and at others a number of distinct plumes with clean air in 

between was reported (Hobbs, 1991). The effect of the heat 

prevailing in the summer months and the probability of lofting the 

plume to the stratosphere was discussed by various workers. However 

the observa ti.ons do not give support to this hypothesis. 

The public health impacts of the well fires is rather 

complicated. The short term impacts will depend on the level of the 

pollutants and the length of the exposure. The particulates 

resulting from the well fires mostly soot have different metallic 

composition than that resulting from the burning of coal. The 

contribution of the soot to the particulates load in Kuwait is 

adding to the complexity of the picture. The level of pollution 

will be markedly influenced by the weather conditions. The 

direction of the wind near the ground will determine the site of the 

i pact. The presence of the oilfields to north and south of the 

urban area, and the distance of the major fields are rath~r 

critical. The he.igh t reached by the plume plays a major role in 

determining the site of the impact. 

The colour of the fire coming from the wells was some times 

white and this was thought to be due to the brine being mixed up 

with the oil jetting from the wells. However, some workers found no 

water vapour in the plume (Hobbs, 1991). The white colour may be 

resulting from the atomisation of the oil itself and not due to the 

water vapour • 

Of the different weather phenomena and based on the previous 

experience from air pollution episodes. Stagnation is probably the 

most critical (French, 1989). In Kuwait, the radiation ground based 

thermal inversion is very common (El Desouky & Ahdelwahhab, 1985). 

0 

The top of the layer is 180-220m from the ground. Elevated ·~ 
inversions are also quite common. With the first Km, the percentage 

of the days in which an inversion in the period of April-September 

. as reported by NOAA (1991) varied between 30 and 40%. Between 1 and 
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Fig. (l) 

The location of the existing air quality monitoring stations and 
the stations that are decided to be installed next fall. 
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2 km, the percentage varied between 10 to 15% based on the finding 

in Lhe period 1988-1990. More detailed information about the height 

of inversion up to 1500m reported by the Meteorology Department in 

Kuwait in the 5 years is shown in Table (1). 

Previous observations about wind direction are not very 
' 

useful. The heat islands genera ted by the intense burning of the 

oilfields is disturbing the pattern to a great extent. The wind 

direction at the ground level was seen to blow from the periphery of 

the fields towards their centres. The plumes from the individual 

wells were seen to rise up, turn towards the centre of the field and 

form a single huge plume, before rising up again (Hobbs, f991). 

This has a great implication for the prediction of the level of 

pollution expected in the urban areas based on weather forecastin6 

from synoptic data. 

Air quality monitoring in Kuwait started since 1970. Grab 

samples for the gases and dust fall buckets were used at that time. 

Three monitoring stations were commissioned in 1985. The sites 

(Fig. 1) were chosen to look into the pollution by traffic, indus try 

an power plants. Total suspended particulates were sampled and 

reported to the GEMS since 1980. Apart from the hydrocarbons 

(methane and non-methane) and the TSP, the level of the noxious 

gases were generally less than the AAQS adopted in Kuwait. The 

__ 6 .egation of the industrial areas and high stacks installed in the 

power plants helped in the control of the air pollution. Traffic 

was more difficult to handle and just before the invasion by the 

Iraqis, the Environment Protection Council was discussing an 

ambitious plan to control pollution from traffic. The plan included 

the use of unleaded gasoline, catalytic convertors and setting a 

programme of inspection and maintenance of the vehicle fleet. 

MATERIAL & METHODS 

The present report will discuss the finding of the Air 

Quality Monitoring Stations at both Mansoria and Reqa. The first 

0 

0 
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represent the main urban area, the other is situated in the coastal 

area extending to the east of the Burgan oilfield. The stations 

have Horiba equipment which take samples every 5 minutes. The data 

are stored on cassettes that are picked up every 2-3 days and read 

by the mainframe at the EPD. 

The parameters measured are H2S, S02, Total Sulphur, NO, NOz, 

NOX, CO, 03 and methane and non-methane hydrocarbons. The monitors 

are calibrated automatically every 25 hours and manual checks are 

done every 2 weeks and whenever the monitoring is interrupted. The 

two stations are provided with meteorology sensors for temp, RH, 

wind speed and direction. The Mansoria station has in addition to 

the standard sensors, total solar and UV measuring devices. 

Air pollution monitoring was stopped on the 2nd of August 

1991. This included the AQS and the particulates. The Ma nsoria 

station was started up by the beginning of April 1991 after the 

power was made available. The Reqa was started almost one month 

later. At Reqa, the voltage was not stable and this caused marry 

problems. The third station (Rabia) was cannabalised and used to 

provide spare parts to keep the other 2 stations running. With 

international aid, pla)lS were put to fix the Rabia Station and 

install 2 more with the help from the Norwegian NILU at Jahra and 

Mina Al-Zoor (Fig.1). The stations are expected to be running by 

the middle of September. 

RESULTS: 

The mean and maximum level of the principal pollutants 

measured at both Mansoria and Reqa in the period April to July 1991 

is shown in Table (2). Also shown in the Table are similar 

.parameters for the same months in 1990. The most obvious finding is 

the higher mean level of hydrocarbons in 1991, particularly the 

non-methane, in Mansoria. The mean NCH4 for 1991 in Reqa was 

slightly higher than the corresponding figure for 1990. For the 

me thane, the level of Mansoria was slightly higher in 1991. But the 
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maximum was about triple that seen for 1990. Though the means of 

CH4 in Reqa was comparable the maximum was much higher in 1991. 

This is rather interesting and is probably due to the emission of. 

methane and non-methane from the ex te nsi ve crude pools resulting 

from the oozing wells that were exposed and were not set on fire. 

The other obvious finding Yas the much lower mean CO in 1991 

compared to last year. The mean for Mansoria ( .648 ppm) was about 

half that for 1990. A similar picture was seen for Reqa. The 

maximum values however reported in 1991 for Mansori.a (38 .1 ppm, u, 

Reqa (44.8 ppm) were appreciably higher. These are peak 5 minute 

value reported in the whole period. 

The levels of SOz in 1991 in Mansoria (2.3 ppb) and Reqa (3 

ppb) were within the detection limit of the equipment and are 

slightly higher than that reported for 1990 (1.8 and 1.4 ppm) for 

the two stations. NO was lower in 1991 in Mansoria and higher in 

Reqa •. Wl th NOz it was the other way round. NOx showed the same 

picture • 

Hyd roca rb ons : 

The mean and maximum CH4, NCH4 in 1991 in the four months for 

which the data were available is shown in Table (3). Higher values 

were seen for CH4 in April and l'ay, and f r NCH4 in June and July at 

Ma nsoria. The maximum behaved in the same manner. The Xa nsoria 

generally had much higher means than the Reqa and this was seen for 

April and May. No data was available from Reqa for June or July due 

to technical problems resulting from power failure. 

Correlation between the CH4 and NCH4 in the period of the 

study in Mansoria was positive and significant (r =.488). With the 

Reqa, it was much lower. The sources of CH4 are generally 

considered natural. However this is not always the case and in 

Kuwait the geogenic contribution should be considered, The positive 

correlation shows that the variability of the two compounds are 

moving in the same direction and that the factors that are 

0 
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influencing the correlation of the methane may be affecting the 

non-methane in the same di recti on, 

The trend lines for the period of the study in the Mansoria 

Station where the data were more continuous, is shown in Fig, (2) • 

It could be seen that there is a slight drop in the level of the CH4 

and NCH4. It is interesting to note that the slope for the NCH4 

(- ,0156 ppm/month) was smaller than that seen for CH4 ( ,0335), It 

seems that the level of CH4 and NCH4 is coming dCMn. The level in 

July is lower than that in April, The authorities are doing all 

they can to extinguish the fires, cap the wells and pump the crude 

from the pools. The drop may be due to this but the time is too 

short to draw any conclusion and the meteorology may be playing a 

more significant role. 

The overall mean for both the total hydrocarbons and for NCH4 

in Mansoria according to the tioe of the day is shown in Fig. (3 A & 

B), The night time is characterized by a marked drop in the 

anthropogenic activities and herce for the man made sources of the 

hydrocarbons. Before the present crisis, the major sources of NCH4 

were traffic (76.2%) and industry (201:). Both are expected to drop 

at the night times. The highest mean CH4 was seen between 6-8 Al1 

(2,8 ppm) and the lowest (2,6 ppm) at 3 5 A.'l, No significant 

difference was found between the means calculated for any periods (F 

= 1,2106), With the total hydrocarbons, the lowest mean was seen 

between 3-5 &'I and the highest was between 15-17 followed by the 

18-20 hours. The mean for the 18-20 was s ignif ica n tly higher than 

the lowest mean (3-5), The mean for 15-17 was significantly higher. 

than the lowest 3 means. No significant difference was seen between 

the means for all the other times. A similar picture was seen for 

the NCH4 (Fig. 3B). The highest overall mean was seen at 15-17 

hours (2,3 ppm) followed by that between 18-20 hours. Both were 

significantly higher than the lowest 4 means seen at 3-5, 0-2, 

21-23, and 6-8. The mean for the period 15-17 hours was also 

significantly higher than that measured between 9-1! A.'!. With the 

methane, no significant differerce was seen between any of the means 
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and the plot was not computed. 

In Reqa, though the data was only available for April and. 

May, the means for NCH4 and CH4 according to the time of the day is 

shown in Fig, (4 A & B), With NCH4 the highest mean was seen at 3-5 

(,869 ppm) followed by that for 6-8 AM (,720 ppm), The lowest means 

were for 12-14 ( ,290) and 15-17 ( .376 ppm). The difference between 

the means are tested for and the results are shown in the figure. 

The means for all the periods are higher than the two lowest means. 

The mean for the 3-5 A.!i was also significantly higher than .almost 

all the other means except that for the 6-8 Al1 

With me thane (Fig .4B), the means for 18-20 (1,719 ppm) and 

3-5 AM (1,718 ppm) were slightly higher than the lowest two means 

seen at 12-14 and 15-17. The total hydrocarbons was similr to that 

0 

seen for the NCH4, with the highest mean for 3-5 AM (2 .587 ppm) and :.) 

the lowest (1.897 ppm) at 12-14 hours. It could be concluded that 

wi th the excep ti on of the 1 eve 1 of CH 4 in Ma nsoria, the level of 

hydrocarbons shows significant variability with the time of the day. 

Factors including the emission and dissipation of the hydrocarbons 

should be investigated, 

The effect of wind speed and wind direction is rather 

critical, Data for the wind direction may not be very reliable 

owing to the presence of the heat islands and this has been 

discussed. The effect of the land and sea breeze and the 

representation of the wind direction measured inside an urban area 

should be conside.red, The data for both the CH4 and NCH4 for the 4 

months at Mansoria are shown in Fig. (5 A & B), 

With NCH4, the mean reported for the winds blowing from the 

SE (3,130 ppm) was significantly higher than the means with any 

directioin, This is the direction of the Burgan field. High mean 

values were also seen with SW (2 .411 ppm) and S (2 ,380 ppm). The 

1 owes t means were seen with the northerly winds ( 1.208 ppm) and NE 

winds ( 1 ,208 ppm). 

I~ 
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With CH4, the highest mean was found with the SE (3 .364 pm) 

followed by the S (3.087 ppm) and SW (3.016 ppm). The lowest mean 

was found for the NE (2 .516 ppm) and W (2.559 ppm). The mean with 

the SE was significantly higher than the lowest 5 means. The means 

~ u• .ue S and SW were significantly higher than that seen with the W 

and NW. 

With Reqa, the mean NCH4 according to the wind direction is 

shown in Fig. (6A), Higher means were seen with the SW (1 .13 7) and 

S (1.022 ppm). The lowest values were seen with the NE (.274 ppm) 

and N (.279 ppm). The two were significantly lower than the means 

with all the other directions. The Sand SW are the directions from 

which the wind will be blowing from Burgan oilfield. The NE is the 

direction of the Gulf , 

With CH4 (Fig,6B), the SW (1.923 ppm) and SE (1.773) had the 

highest mean values. It is interesting to note that the westerly 

winds had the lower means ( 1 .163 ppm). Though the level were 

significantly higher with the S and SW, the difference in real 

values was quite small and did not exceed 0.3 ppm, 

Different wind speeds are found at dHferent wind directions. 

Moreover, the dissipating effect of the fresh wind should be 

considered. The mean NCH4 at Mansoria according to the wind speed 

is shown in Fig, (7 A). 

m/s(2,343 ppm) and S-6 

A higher mean was seen with winds 4-5 

m/ s ( 2 .236 ppm). This was higher than the 

mean seen for the stronger or weaker winds. The lowest mean was 

found with less than 1 m/s winds (1.854 ppm). The level of 

significance between the means is sh<Mn in the Fig. (SA), With CH4 

the mean with winds 2-3 m/s (2.818 ppm) or 1-2 m/s (2.687 ppm) was 

significantly higher than the mean seen with winds 5-6 m/s which had 

the 1 owes t (2 .395 ppm) (Fig. 8B). 

With. Reqa the highest mean value of NCH4 was seen with very 

calm winds (1.434 ppm) followed by 1-2 m/s winds (1.285 ppm). The 

lowest was that seen with the winds 6 m/s (.075 ppm) or 5 m/s (.156 
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ppm). The expected pattern of a 1 ower mean with stronger wind due 

to dissipation is seen. The means that were significantly different 

are shown in the Fig. (lOA). The finding should be taken cautiously. 

since the wind direction at the ground is strongly influenced by the 

burning oilfields. With CH4 the highest mean was seen with winds 

1-2 m/s (1.893 ppm) followed by winds 2-3 m/s (1 .787 ppm). 

Appreciably lower means were seen with winds 5-6 m/s or 6 m/s and 

over. The cases in which the means .were significantly different are 

shown in Fig. (lOB). 

Carbon Monoxide: 

The other pollutant that behaved in a distinct manner is the 

Carbon Monoxide (CO). The amount of the CO generated by the fires 

was estimated to be 250 tons daily (Research Institute, King Fahad 

University, 1991). The monthly mean CO at both Mansoria and Reqa in 

1991 and 1990 was shown in Table (2). The appreciably lower mean CO 

in 1991 is clear. The principal source for CO in 1990 was traffic • 

The much lower traffic load in the period covered by the study is 

clear. Though NO counts are available for this time the absence of 

the morning rush hour traffic is quite noticeable, 

The monthly mean and the maximum reported for the individual 

sites are shown in Table (4), Traffic load is building up and the 

effect could be seen from the rise in the mean CO for the 4 months 

in both Mansoria and Reqa, though a lower mean was seen for Mansoria 

during May (,253 ppm) compared to that found for either April ( .643 

ppm) or June (1 .0 ppm). A more uniform rise was seen for Reqa. The 

high level of CO in July compared to April is quite clear and the 

difference was significant. The rise in the mean CO in July could 

be attributed to the traffic since a large number of oil well fires 

have been extinguished since April. 

It is interesting to note that the well fires may be a 

significant source of CO. The iocomplete combustion of the oi 1 is 

quite clear from the droplets that fly around and the black smokes 

0 
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seen rising from a large number of wells. It should l:>e mentioned 

that generally the mean CO in the summer months particularly July is 

lower than that seen for the other seasons and this was reported 

from the previous findings in Kuwait (El Desouky et al, 1988), The 

trend line calculated for both Mansoria and Reqa for the 4 month 

period is shown in Fig, (llA & B), The rising trend could be seen. 

The hourly mean values for Mansoria is shown in Fig. (l2A). 

The highest mean was seen in the period 18-20 (1,344 ppm) followed 

by 21-23 ( .966 ppm), The lowest mean was seen at 3-5 AM ( .221· ppm), 

The means that differed significantly are shown in the figure .• 

With Reqa (Fig ,l2B), a similar picture was seen, The highest mean 

was also at 18-20 (1.223 ppm) followed by the 21-23 ( ,983 ppm) and 

the lowest between 3-5 ( ,324 ppm). The means that were 

significantly different are shown in the figure. The virtual 

absence of any morning peak in the period 6-8 AM was seen for both 

the stations. The afternoon peak 12-14 was not conspicuous 

previously (El Desouky et al, 1988) and with the finding in the last 

4 months it was persistently lOio'er than the 3 hour periods before or 

after. The hourly mean values in the period 18-24 hours in the two 

stations in the 4 months were quite high. This is the time of the 

evening and night peak for the CO observed in Kuwait in the normal 

situation • 

The mean CO computed fro;n the wind direction at Mansoria and 

Reqa is shown in Fig, (13A & B). Significantly higher values were 

seen with the S (1.517 ppm) and SW (1.419 ppm), These are the 

directions associated with high mean values previously and were 

explained by the presence of a filling station and the highway 

network in this direction (El Desouky et al, 1988), The lowest mean 

was found with the NW wind ( ,420 ppm) and theW ( .626 ppm). These 

are the prevailing wind directions and are known to be blowing from 

the Kuwait City with the high traffic load, The level of 

significance between the means is shown in the figure. 

With Reqa (Fig,l3B), the wind directions that were having 



-·· ... 
. . 

·- ,-: 

.. _::~-- . .-. ~ 

~. . . 

·. ;': 
_:._ . .. : 

.. 
·,:' 
; .. ' 

. . ;·-. 
,. :~ . . . .... :.· 
. '• .. :: 
. --~:-
< ..... . ·; -,· 

·-. ·---~} 

-12-

higher mean CO were the S (1.806 ppm), SE (1.097 ppm) followed by 

the SW ( .978 ppm). The lowest means were seen with theN and NE 

( .431 ppm) and the NW ( .433 ppm). It is i nteres ti ng to note that 

the directions that were associated with higher CO were not those 

blowing fr.om the Burgan field in the vicinity of the station. 

However the station is a few Km from the shore and the wind regime 

recorded in the last four months has not been the same as that seen 

in the last years. 

The relation with the wind speed showed the normal picture of 

the high mean values with calm winds. The dissipating effects of 

the winds is clear. This was seen with the 2 stations (Fig. 14A & 

B). The difference in the wind speed with the different wind 

directions should be however taken into consideration. 

SOz, NOx: 

The sulphur dioxide is probably the most serious of the 

pollutants resulting from the oil well fire. The sulphur content of 

the Kuwaiti crude is quite high. The form in which sulphur is found 

in the crude is usually Rzs and some organic sulphur compounds. The 

monitors used by the stations measure the two gases and the sum is 

the total sulphur. Nitrogen oxides measured by the stations are the 

NO, N02 and the sum NOx. NO is genera ted by the heat and is later 

oxidised to NOz. Near the sources more NO is found being the 

primary compound. The NOz is more of a health hazard than the NO. 

Both the SOz and N02 are used for the Health Alert System in Kuwait • 

Unlike CO, both the SOz and NOx have significant sources 

other than the oil wells on fire. The power plants at Doha started 

production partially since April and more and more units are 

producing electricity. The Al-Zoor power plant was not destroyed 

and was producing the normal load though the power lines were 

disconnected. Both use crude oil with high sulphur content and are 

also producing a substantial amount of NO and NOz. The mean SOz, NO 

and N02 seen at the two stations in the last 4 months was summarised 
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in Table (5). Shown in the Table ls also the finding in the 

period April-July 1990. HzS was not included, the level was quite 

low in general. The major source before the oil well fires 1o1as 

the sewers and this 1o1as seen in the Rabia Station 1o1hich is not 

functioning now. The sewage treatment plants are not 1o10rking as 

the Iraqis destroyed them. 

The hourly mean and maximum for the S02, NO, and NOz in the 

individual months is sho1o1n in Table (5). The monthly means for 

SOz 1o1ere quite similar 1o1ith a slightly higher mean in Aprn at 

Mansoria (3.0 ppb) and for May at Reqa (3.1 ppb). These are well 

within the limit of detection of the equipment. The maximum.was 

also low. The means for NO and NOz were higher for Reqa compared 

to Manso ria and this 1o1as seen for the 4 months. The maximum NOz 

was quite high in July (771 ppb). It is interesting to note that 

the proportion of NOz was higher than NO in Mansoria, whereas with 

Reqa a larger proportion of the NOx was in the form of NO; also 

the maximum NO in July exceeded the level reported at any time in 

Reqa or Mansoria (1108 ppb) • 

The trend in the four months for _b_oth the SOz, NO and NOz 

is shown in Fig. (15A & B). A slight insignificant positive trend 

could be seen. The level of either S02 or NOz is not rising in 

the period covered by the investigation. 

The distribution of the SOz and N02 according to the hour 

of the day is shown in Table (6). Very U ttle variability was 

seen in S02 in the different times of the day and this was seen 

for both Mansoria and Reqa. The sources of S02, wheather the oil 

well fires or the power plants, do not differ with the hour of the 

day. The contribution of industry to the SOz load is not 

substantial in the time being and most of the measurements are 

within the de tee tabili ty of the equipment. 

With the NO, at Mansoria high mean values 1o1ere seen in the 

period 18-20 and 21-23 (22 ppb) and the lowest mean was seen 
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be tween 3-5 ( 1 .3 ppb). With N02, the highest means were also seen 

at 18 (24.8 ppb) and 21 hours (18.2 ppb). With Reqa, a much higher 

NO was seen at 18 (73 .6 ppb) and 21 hours (67 .7 ppb). N02 showed a 

similar picture. It could be concluded that the level of both NO 

and N02 was higher in the late afternoons and before midnight and 

this was seen for the 2 stations. The picture was similar to that 

seen for CO and the contribution of traffic though quite small may 

explain a part of the flue tuation in the mean NO and N02. The 

differen:e in the proportion of NO and N02 in the different hours of 

the day is expected and the complex interaction with ozone and the 

sunlight should be considered. The role of the mae terological 

parameters is probably much more important than the flue tua tions in 

the source strength. 

The mean SOz and NOx according to the wind direction is shown 

in Table (7). A higher level of S02 was seen with winds blowing 

from the SE"(4.2 ppb) inMansoria and for SW (5 ppb) and S (6.1 ppb) 

in case of Reqa. No industrial sources of SOz are found in the 

vicinity of Mansoria. However, in April the garbage was not 

collected by the Municipality and some was burnt inside the 

residential a·reas. The fluctuation in the level of SOz was much 

higher in Reqa compared to that in Mansoria. 

With the NO the flue tua tion was appreciably higher with the 

Reqa. Much higher levels were seen with the NW (q4,9 ppb) and w 

winds (76,5 ppb). With Mansoria a relatively higher means were seen 

with S (34,4 ppb) and SW (37 ppb) winds, With N02 the levels at 

Mansoria were parallel to that of the NO. The maximum was found 

with the S winds (30,6 ppb) and SW (23,6 ppb). With Reqa a 

different picture was seen. A relatively higher levels were seen 

with the S- (33 .0 ppb) and SW (26 .6 ppb). The general picture of a 

relatively higher NO in Reqa and higher N02 in Mansoria was 

preserved except with theSE and SW winds when the N02 was higher. 

It is interesting to note that to the NW of Reqa is the Burgan 

field. The small distance between the station and the major field 

on fire is likely to cause the relative high level of NOx seen • 
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Though no similar rise was seen for the S02, only with the winds 

fro:n the south were both the NOx and S02 high. 

The relation with the wind speed is shown in Table (8). Very 

little flue tuation was seen with the S02 and this was seen for the 

two station. With NO, the expected picture of the higher mean 

values with the calm wind and a gradual drop in the means with 

stronger winds was seen. This was seen with the N02 though the 

gradual drop in the means was not as steep as that seen with the NO. 

A much higher level of NO was seen at Reqa with winds 6+ m/s _(100.7 

ppb). The probable explanation is the difference in the wind speed 

with wind direction and probably this reflects with winds coming 

from a direction with high pollution load. 

Solar and U .v. 

Total solar and UV are mesured in the Mansoria monitoring 

station. The effects of the plume will be detected in the drop in 

the intensity of the solar radiation. The effect of the plume will 

be independent of the height it reaches since it will obstruct the 

sunlight regardless of the height. It was however stronger on the 

days that the plume was moving in the di recti on of the monitoring 

station and with the density of the plume. The density is a matter 

of thewindspeedwhichwill det:rmine its capability to disspite 

the plume. Fig. (16A & B) shows the intensity of solar radiation 

and the to tal UV in Wa t t/m2 at Ma nsoria with the wind speed. The 

highest mean (242.6 w/m2) was seen with the 4-5 m/s winds. This was 

significantly higher than that seen with winds 3-4, 2-3 or less than 

2 m/s. The means with wind 3-4 (206.2 w/m2) and 2-3 m/s (183.6 

w/m2) were also higher than that w:i th calm winds (104 .8 w/m2). 

With the UV a similar picture was seen. The highest mean 

(7 .8 wfm2) was seen with the strongest wind. A much lower level 

(2.3 w/m2) was seen with calm winds. The effect of the wind speed 

seem to be through ventilation of the plume, and the tiny oil 

droplets that escape being fired with the main plume. It is worth 
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noting that the days in which the solar and UV readings were quite 

low, the level of S02, NO and NOz were not appreciably higher than 

the other days, The calm winds will help the plume rise and this 

seems to play a critical role in determining the level of the 

pollutants detected at the air quality monitoring stations at 

Manso ria and Reqa. 

CONCLUSION: 

The present study is preliminary in nature. There are a lot 

of uncertainties. The picture of air pollution problem in Kuwait is 

far from being clear. The level of S02 and NO, N02 is very clo.se to 

what was measured before the air pollution episode to which Kuwait 

is passing through. The levels of CO was lower than that seen for 

the same period in 1990. The traffic is building up and we expect 

the levels to rise soon. The levels of hydrocarbons were quite 

high. These were high before but the pools of oil in the oilfields 

are probably causing that rise. 

The Ministry of Oii is doing all it can to extinguish the 

fires and pumping the oil from the ground pools, The plume is 

rising to relatively great heights at the time being and this may 

explain the relatively low levels of sulphur and nitrogen oxides. 

The data are available only for 2 sites and very little information 

is availiable from the residential areas to the west of the country 

or the south. Two fixed stations are commissioned at the time being 

and are planned to be installed in the areas from which the 

information is valuable. The Norwegian NILU is helping in this 

respect. 

A mobile lab was made available to the EPD by the courtesy of 

the German Government. The lab was used for the intercalibration of 

the existing stations. The findings are quite comparable except for 

03 where the measurement by the German lab was higher. This was 

also reported previously from comparing the finding with the French 

team. The level at Al-Zoor to the south are appreciably higher than 

C) 
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those reported in the town. The data for the Al-Zoor and Jahra 

which is next on the plan will be used to advise the Norwegian NILU 

as regards the levels expected on the sites the new stations will be 

installed. 

We hope that the existing air pollution episode would not 

result in any health problem but we should be prepared and with the 

help and advise we are getting from the international community we 

are sure the problem will be solved. 

The problem of heat island is causing due concern as the 

prediction of the wind direction on the ground level is not 

possible, The NOAA was kind enough to help install and run 15 met 

stations all over the State covering the oil fields and urban area • 

The data from the met stations and the air quality monitoring 

stations will be used as an input to the Health Alert System being 

developed at the time being. 

The expection as regards the future are guarded, The wind 

direction changes in fall-and more southerly winds are expected. 

More calm winds are also anticipated and this together with the rate 

at which the fires are being extinguished will probably expose the 

urban area to the north of the Burgan field to higher levels of S02, 

NOx and the other pollutants resulting from the oil well fires. 
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Table (1) 

Mean riumber of cases of Inversions according to the month 

Kuwait Interna tiona! Airport 1973-1977 Time 2300 G ,M .T, 

------------------------------------------------------------------ ---------
Air Layer 

Month ------------ ------------ ------------ ------------- -- -----------
Ground 300m 300m-600m 600m-900m 900m-1200m 1200m-1500m 

--------------------------------------------------------------·-- -------
Jan. 22.6 5,6 5 .o 4 .o 1.8 

Feb, 23 .o 6 .o 3.4 3,8 2.2 

Mar. 27 .o 6.2 2.4 1.8 1.4 

Apr. 23 .8 5 .8 0,8 0.8 0,6 

May 26.25 7.0 1.5 0.4 0 .5 

Jun. 26.4 6.0 0.4 0.2 0,2 

Jul. 27.4 2 .6 0.2 0.2 0.4 

Aug. 30 .o 4 .6 0.2 0.4 0,6 

Sep. 28.8 6.6 0.8 - 0,2 

Oct. 27.6 8.4 1.8 1.0 0.6 .. 
Nov. 27 .o 8.2 2.8 2 .o 1.2 

Dec. 24.6 10 .o 5 .8 3.8 2 ,2 

u u 0 
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Table (2) 

The overall mean S02, nitrogen oxides, and hydrocarbons measured 

at the 2 AQMS in the period April-July in 1990 and 1991. 

------------------------------------------------------------------ ----------
Manso ria Reqa 

--------------- --------------- --------------- -----·· ·---------
Pollutant 1990 1991 1990 1991 

--------------------------------- -· . ·-~-- ·- ---- ---- ·-----
Mean Max. Mean Max. Mean Max. Mean Max. 

----------------------------------------------------------------------- ------
so2 ppb 1.8 52.0 2 .3 38.0 1.4 28.0 3 .o 31'1.0 

NO- ppb 15 .o 1 011 .o 8.2 920.0 17 .6 ll•36 .o 60.2 1101'1.0 

N02 ppm 23 .A 370.0 13 .4 496.0 24.2 456 .o 20.5 771 .o 
NOx ppb 38.8 1201 .o 21.6 938 .o 41.8 1470 .o 80.8 111l7 .o 
NCH4 ppm 0.449 12 .8 2.030 23.4 0 .417 22.2 0.619 20.0 

CH4 ppm 1 .767 6.0 2.658 19 .8 1 .737 4.7 1 .669 10.8 

co ppm 1 .022 22 .o 0.648 33 .1 0.982 24 .8 0.592 44 .8 
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Table (3) 

The mean and maximum Hydrocarbons (NCH4 and CH4) 

measured at the 2 AQMS in the period April-July 1991. 

Mansor!a Reqa 
--------- ---------- ---------- ----- ----

Mean Max. Mean Max. 

----------------------------------------------------- -·-----
April NCH4 ppm 1 .742 13.4 0.781 6.2 

CH4 .. 4.596 19 .4 1 .1145 3 .II 

May NCII4 .. I .176 I 0.6 0.606 20 .o 
Cll4 " 5 .743 19 .II I .1175 10 .9 

June NCII4 .. 2.254 23.0 

CH4 .. 1 .797 7.8 

July NCH4 .. 2.226 9 .o 

CH4 .. 1 .729 3 .7 

0 u 
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Table (4) 

The mean together with the maximum Carbon Monoxide (ppm) 

at the 2 AQMS in the different months. 

Mansorta Reqa 
Month 

Mean Max. Mean Max. 

.: .. 

---------------------------------~--------------------- . -------
Apr. 

May 

Jun. 

Jul. 

.643 

.253 

I ,000 

.655 

7.3 

7 .9 

33 .I 

13.3 

.492 

.615 

.69'! 

.~786 

32.4 

30.6 

4/o ,R 

27 .6 

:·.-.. :-:..::~·: -\~·~:-~:::._: ~ ~.:- ~.-,: -~. -~ .. : ... ::·.~. ~-~ (/:,::::.:_.~~~:. ~-:~i-~'; .:·.-. 



Month 

Apr. 

May 

Jun. 

Jul. 
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Table (5) 

The hourly mean and maximum o.f S02, NO, and N02 (ppb) 

at the 2 AQMS in the different months. 

Mansorta Reqa 

S02 NO N02 S02 NO 

., · ;. : : · -.-· ,_: __ r ~ :: .. f: ~::-: :~-i-- ~~: _: ~-~~~:~-.::·~:~~i-~~~I :~ ~--~~:::<;:i~_;:~Y::~~~~~ ~~-f; :~~ :~: 

N02 

Mean Max. Mean Max. Mean Max. Mean Max. Mean Max. Mean Max. 

3,016 38.0 8,0 341.0 12.2 490.0 1 .603 22 .o 39.1 1006 .o 19,7 167 .o 
2 .132 20 .o 5.6 368.0 12 .5 74 .o 3.116 15.0 49.0 1094 .o 21 .9 186 .o 
2.108 17 .o 17.0 420.0 16.2 287 .o 2.200 22.0 16 .1 737 .o. 16.7317.0 

1 .945 2 .o 3 .8 571 .o 12.9 211.0 2,620 8.0 165.3 1108,0 24.6 771.0 

u 0 
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Table (6) 

The mean level ~f S02, NO, N02, and NOx (pph) measured at the 

2 AQMS in the period Aprtl-July 1991. 

---------------------------------------------------- - ----------------
Manso ria Reqa 

Time ------- ------- ------- ------- ------- ------- ------- ··-----
S02 NO N02 NOx S02 NO N02 NOx 

--------------------------------------· ... - -. ------ ·-- ·-----
0- 2.3 7 .o 9.0 16 .1 3 .o 58.3 20 .o 78.4 

3- 2.2 1.3 5.2 6.6 3.5 55.9 15.7 71.6 

6- 2 .1 2.9 10 .5 13 .4 3 .o 53.7 17 .o 70.7 

9- 2 .3 3.7 15 .2 1A .9 3 .1 62.7 17 .2 79.3 

12- 2 .3 2 .1 10 .8 12 .9 2 .7 54.7 13 .o 68.1 

15- 2 .3 4.7 13.5 18 .3 2 .7 51.6 16 .5 6A .3 

18- 2 .5 22.2 24.8 47.0 2.8 73.6 34.9 112 .7 

21- 2 .5 22 .1 18 .2 40 .o 3 .o 67 .7 30 .7 98 .o 
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Tahle (7) 

The mean level (ppm) of S02, NO, N02, and NOx measured at the 

2 AQMS in the period April~July 1991 according to the wind direction. 

--------------------------------------------------------------------------
Wind }lansoria Reqa 

Direc tl on ------- ------- ------- ------- ------- ------- -------
S02 NO N02 NOx S02 NO N02 NOx 

------------------------------------------------------------------ -------
N 2 .o 5.3 12 .2 17.4 2 .7 43.1 20 .o 62.9 

NE 2 .5 5 .5 13 .9 19 .4 2 .3 I 0 .R 15 .5 26.2 

E 3 .2 12.1 19 .3 31 .5 2.2 26.5 18 .6 45.2 

SE 4.2 9.6 23.2 32 .R 3 .9 21.3 25.6 4 7 .1 

s 3 .1 34.4 30.6 65 .I 6 .1 47.5 33.0 RO .7 

sw 2.9 37.0 23.6 60.7 5.0 20 .o 26 .6 46.6 

w 2 .o 10.0 12 .2 22 .2 2 .6 76.5 19 .5 95.9 

NW 2 .o 2 .o 9.8 11.8 3.3 94 .9 20.4 115 .7 

u r I 
'"--" 0 
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Table (8) 

:; ..... 
. .... - ~· 

The mean level (ppm) of 502, NO, N02, and NOx measured at the 

2 AQMS in the period April-July 1991 according to thP wi~d speed. 

Wind 
Speed 
(m/s) 

(1 

2 

3 

4 

5 

6+ 

S02 

2.5 

2 .4 

2 .3 

2.3 

2 .2 

2 .o 
2 .o 

Mansoria 

NO 

31.8 

14 .6 

2 .9 

1.3 

1.3 

2.0 

2.3' 

N02 NOx 

27.9 79.7 

I 9 .4 34 .o 
1 2 .1 15 .o 

9 .1 10.5 

8.8 10.1 

9.6 11.6 

10.0 12 .4 

Reqa 

502 NO N02 NOx 

2 .o 98.6 40.0 138.1 

2 .4 45.2 11.1 76 .1 

1 ·'· 
31.9 22.9 56.8 

3 .5 48.8 18.6 67.5 

2.8 55.8 18 .I 73 .7 

2.8 60 .I 14 .7 74 .6 

3.3 100.7 16 .7 11 R .0 

------------------------------------------------------ -- -- . - ···-------
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C) 

EFFECTS OF THE GULF WAR ON THE ENVIRONMENTAL GEOLOGY 
OF THE REGION 

Farouk El-Baz 
Center for Remote Sensing 

Boston University 

Preparations for and conducting the Gulf War resulted in much damage to the environment of 
the region. Foremost among the irreparable damage are changes to the temin due to the 
digging of trenches, building walls of soil, and otherwise disturbing the desen pavement in and 
around Kuwait. The disruption of the usually one-grain thick layer of pebbles on the desen 
floor exposes soil to wind action. Furthermore, changing the contours of the normally flat land 
increases resistance to the wind, and thereby, increases the potential of particle transport until 
the land is peneplained. This condition will increase the frequency and the ferocity of dust 
storms in the region (Fig. 1). It will also result in the formation of new sand dunes; sand drifts 
were observed along roads in northern Kuwait. 

The second effect on the geology of the region is that of the oil spill in the Gulf water. 
Hundreds of miles of the western coastline of the .Gulf are already covered by oil. Petroleum 
"mats" have settled on coral reefs and in other ways have reduced the Gulf water productivity,. 

The third effect is related 
to the damage caused by 
0~ wen fires in terms of 
air pollution as well as the 
potential damage to the . 
petroleum reservoirs. 
Photographs from the 
Landsat Thematic Mapper 
and the NOAA 10 and 11 
spacecraft illustrate 
evidence for the damage 
to the environment and 
can help in monitoring 
environmental change in 
the future. 

MONSOON 
QOUDIELT 

SUCAN 

SCMITUNION 

Figure 1. Schematic illustration of potential regional effects of 
damage to the environment due to recent Gulf War. 



THE IRAQI rnY ASION OF KUWAIT: AN ENVIRONMENTAL CATASTROPHE 

Prof. Jassim Al-Hassan 
Kuwait University 

··~ 

Kuwait, an environmentally active country, was rendered the center of the worst environmental 
disaster ever recorded in history through Iraqi design and execution. The Iraqis threatened to 
blow up the oil wells as well as other essential services, and they ended up by doing much more 
than that. In fact, they used the environment as a weapon of mass destruction. The invaders 
blew up oil instillations, laid down and diverted oil pipe lines to dump oil into the Gulf, filled 
trenches with oil to prevent allied forces from landing, laid down mines on the coast and in the 
desert, and left huge amounts of ammunition everywhere in Kuwait, thus imposing an instant 
hazard to human life, indeed an unusual fonn of pollution. The Iraqi military activities in the 
desert led to the establishment of a huge network of trenches and bunkers in a land whose top 
soil is delicate and unstable, thus causing tremendous amounts of sand drifts due to the 
prevailing winds. The drifting sand buried large areas of trenches, bunkers, mines, ammunition 
dumps, and even oil lakes. The land, sea, and air pollution resulting from the Iraqi occupation 
imposed arid will continue to impose. a constant threat to the environment for many years to 
come. With very little chetnistry done on the nature of the etnitted organic and inorganic 
pollutants from the oil well flies or the oil lakes, it is unsafe to speculate on or minimize the 
effect of these organic and inorganic pollutants on human and animal health and on marine and 
desert ecology. 

As there is a complex and unprecedented environmental situation in Kuwait, a concened and ~,) 
integrated international effon involving all related fields of science is needed in order to 
understand the nature of the Kuwaiti environmental catastrophe and to recommend solutions to 
the problem. 



C) 

SOME RESULTS OF ARAC'S EFFORTS TO 
ESTIMATE THE AIR POLLUTION IMPACTS OF THE FIRES 

Thomas J. Sullivan, Ph.D. 
Lawrence Livermore National Laboratory 

The Atmospheric Release Advisory Capability (ARAC) was originally conceived and developed 
at Lawrence Livermore National Laboratory as a nuclear accident emergency response service. 
It's purpose is to provide near real-time dose assessment calculations for accident response 
decision makers. Based on operationally robust three-dimensional atmospheric transpon and 
dispersion models, extensive geophysical databases, real-time meteorological data acquisitions 
and a highly experienced staff, ARAC responds to U.S. events in the 30-90 minutes time frame. 
The present ARAC service is supponed by a combination of DOE and DoD funding 

Beginning with the Chernobyl accident, DOE has on several occasions requested that ARAC 
calculate the transpon and' dispersion of pollutants for accidents outside the U.S. and for non
nuclear material; One of the latest such requests was for suppon of the U.S. aircraft research 
flight programs measuring the pollutants from the Kuwait oil field frres (5/14-6115 and 7/29-
8/20) and the WMO request for assistance to the region's environmental and meteorological 
services. Since 14 May ARAC has been calculating the continuous smoke plume dispersion. 
throughout a 3200 km region, using meteorological data sources from the U.S. Air Force Global 
Weather Central. These calculations have been directed toward optical depth estimates based 
on the integrated venical (C3rbon soot) pollutant impact on visible light. ARAC ·has also 
reconstrUcted the long range pollutant transpon on a hemispheric scale, again using AFGWC 
meteorological data, which depict ·the most probable far field dispersion and deposition patterns, 
albeit without washout or panicle growth effects. These dispersion patterns provide insight as 
to where international scientific organizations should perform detailed measurements and 
analyses. 



MEASUREMENTS OF AIR POLU.JTION FROM TilE FIRES 
AND TilEIR IMPLICATIONS TO HEALTH 

Haluk Ozkaynak and John D. Spengler 
Harvard School of Public Health 

In April a team of investigators from the Department of Environmental Heafth of the Harvard 
University School of Public Health travelled to Kuwait where they collected ambient air samples 
for several days in each of four locations in Kuwait (two locations in Ahmadi, Monsouria and 
Jahara). The field team included Thomas Dumyahn. David Gilmour (Harvard School of Public 
Health). Xiaowei Yan. Yukio Yanagisawa (Harvard School of Public Health), llhan Olmez 
(Massachusetts Institute of Technology), and Judith Chow (Desen Research Institute, University 
of Nevada) contributed to laboratory and data analyses. The purpose was to characterize the 
chemical and elemental composition of particulate mass as well as gases and vapors in locations 
representative of exposed populations. Bulk mass samples were collected using a modified HiVol 
with cyclone pre-separator ( < 3.5Jlm). These smnples provided the material for animal and cell 
culture bioassays. Harvard impactors were adapted to collect PM1.s pH samples and black carbon 
samples. as well as serving their primary function. of obtaining PM10 concentration data. Four 
types of passive badges were used to roughly quantify the gases and vapors present and gain a 
baseline understanding of the concentrations encountered. · 

Ambient PM10 concentrations over 24-hour periods ranged from 50 to 829 Jlg/m3
• Mass 

concentrations do not usually represent the signature of the oil fires alone; rather it is a 
combination of crustal dust re-suspended by wind and oif fire soot. PMio samples were analyzed 
through Neutron Activation techniques to obtain a fmgerprint of oil fire impacts. Black carbo•] 
analysis of quartz filters exposed on days where we have mass concentrations also enables a'n 
estimate of the plume/soot impacts. · 

Scandium was used as an indicator of earth crustal element. V, As, Cr. CI. :-Ia. Nr, and Ni appear 
enriched in the particle samples. AI. Fe. La. and Sm appear to be soil related. Preliminary 
~egression analysis shows V is a significant predictor of mass concentration. The carbon is a 
substantial fraction of the total mass, varying between 2<7'o and 60%. On plume impact days the 
comriburion of carbon to mass was typically greater than 30%. The organic fraction oi total 
carbon ranged from 25% to 90% in Allmadi. 

P~\0 concentrations measured in Kuwait were often found to be high due to impacts from the 
oil wdl fires. The composition of the particle samples collected also showed organic and metal 
species that are of potential hu:inan health concern. Accurate estimates of acute or chronic health 
dfects oi plume impacts are not yet availabie. However. using historic epidemiologic data bases 
on air pollution and health records, it is possible to make projections of the likely morbidity and 
morraiity effects from exposures to elevated levels of ambient particles. In particular, inferences 
made bv utilizing morralitv risk coefficients obtained from the analvsis of dailv morralitv and 
pollution measurements from New .York City and Los Angeles indicaie that acut~ health risk for 
Kuwait and neighboring countries could be significant (e.g., excess acute mortality could reach 
10% in some areas). Chronic health effects are much more difficult to estimate but could be very 
s i gnifi cam. 
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KU'NAIT OIL BLOWOUTS AND OIL LAKES FORMATION 
PERSPECTIVES AND CONSEQUENCES 

Dr. Jasem Al-Besharah 
Kuwait Institute for Scientific Research 

The Kuwaiti oil well blowouts are of different characteristics and structure, depending on their 
locations, the formations and oil fields, the extent of destruction of the well heads, and finally, 
the type of crude oils and their impact on the environment. Therefore, these determinant factors 
helped in setting up priorities for extinguishing and controlling the 600 oil wells on fire. 

This paper will concentrate on the extent of the damage that the Kuwait oil fields have been 
subjected to, the economical and environmental impacts and their consequences, and" the 
priorities of the fire fighting efforts. 

Special emphasis will be placed on the formation of the oil 1aJces in the Kuwaiti desert: their 
causes, behavior, impact on the environment (air and land), and the methods of oil reclamation 
and soil cleaning. 



Douglas Dockery . 
Harvard School of Public Health 

Dr. Douglas Dockery, Associate Professor of Environmental Science and Physiology at the 
Harvard School of Public Health. is Principal Investigator of the Harvard Six Cities Study, a 12 
year longitudinal study of the effects of sulfur oxide and particulate air pollution on· the 
development of lung function in children and the development of respiratory disease among 
adults. He is also Co-Investigator of the Harvard 24 Cities Study, which is measuring the effects 
of acid air pollution on respiratory health of children in North America. Additionally, he is 
directing several studies quantifying the acute effects of air pollution episodes on respiratory 
symptoms and lung function of children, and on increased mortality among adults. 

Internationally, Dr. Dockery is collaborating in epidemiologic studies of the effects of air 
pollution on respiratory health in Mexico City, Beijing, Switzerland, the Netherlands, Germany 
and Czechoslovakia. He is currently serving as a consultant to the European Community in 
developing a coordinated program in air pollution epidemiology methods, and is also organizing 
the efforts at the Harvard School of Public Health to evaluate the respiratory health effects of 
smoke from the oil fires in Kuwait. 

Dr. Dockery received a BS degree in physics from the University of.Maryland, an MS degree in 
meteorology from the Massachusetts Institute of Technology, and an MS and Doctor of Science 
in Environmental Health from the Harvard School of Public Health. 

Farouk EI-Baz, Ph.D. 
Boston University Center for Remote Sensing 

Dr. Farouk El-Baz is director of the Center for Remote Sensing at Boston University, which he ·Q/ 

founded in 1986, that deals with applications to archaeology, geography and geology. He 
contributed to pioneering efforts in this field as supervisor of science planning for the Apollo 
missions to the moon (1967-1972); founding director of the Center for Earth and Planetary 
Studies of the Smithsonian Institution (1973-1982); and vice president for science and 
technology at Itek Optical Systems (1982-1986). He presently serves as president of the Arab 
Society for Desert Research. 

Micbael B. McElroy 
Harvard University 

Michael B. McElroy received his elementary and graduate education from Queen's University in 
Belfast, Northern Ireland. After spending a postdoctoral year in the Chemistry Department at the 
University of Wisconsin, he was appointed staff scientist in 1963 at Kitt Peak National 
Observatory in Tucson, Arizona. In 1970, Professor McElroy was named Abbott Lawrence 
Rotch Professor of Atmospheric Sciences at Harvard University, and in 1975 was appointed 
Director of the Center for Earth and Planetary Physics. He is currently Chairman of the 
Department of Earth and Planetary Sciences at Harvard. Professor McElroy's research interests 
range from studies on the origin and evolution of the planets to, more recently, an emphasis on 
effects of human activity on the global environment of the Earth. He is a fellow of the American 
Academy of Arts and Sciences and the International Academy of Aeronautics. He was the 
recipient of the Macelwane Award of the American Geophysical Union in 1968, and the NASA 
Public Service Medal in 1976. . · 
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HalUk Ozkaynak, Pb.D. 
Harvard School of Public Healtb 

Haluk Ozkaynak is a Research Associate and Lecturer at Harvard School of Public Health, 
Department of Environmental Health. He has over fifteen years of experience in air pollution 
data analysis, model development and epidemiologic investigations. His experience includes 
application of standard air pollution models to infer concentrations, development of state-of-the
art models of long-range transport and visibility, development of detailed indoor air quality 
models, environmental risk analysis, investigation of biases in air pollu~on epidemiological data 
and studies on the implications of air pollution on health. Dr. Haltlk Ozkaynak has worked in 
both the private and academic settings conducting research on technical and policy-oriented 
environmental problems. He has been responsible in the management of large scientific 
investigations involving monitoring and modeling of human exposures and perfonning 
multimedia risk assessment for environmental contan;'.inants. He has several publications in the 
field of exposure and risk assessmenL Dr. Halt1k Ozkaynak holds degrees in Mathematical 
Physics and Air Pollution Control. 

Thomas J. Sullivan, Ph.D. 
Lawrence Livermore National Laboratory 

Tom Sullivan is Group I eader for the Atmospheric Release Advisory Capability (ARAC). He 
has been with the ARAC Program since 1979 and at LLNL since 1974. Prior to his LLNL 
employment he was an U.S. Air Force weather officer for 11 years, providing a range of weather 
support services including six yean of opendons and development of automated support. Tom 
received his A.B. in Mathematics from College of the Holy Cross ( 1963), M.S. in Meteorology 
from the University of Oklahoma (1970), and a Ph.D. in Atmospheric Sciences from the 
University of CaliforniaiDavis in 1982. . 
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9:00 Welcome S. Dillon Ripley 
John M. Eaton 

Man's Impact on the Global Environment Prof. Michael McElroy 

Effects of the Gulf War on the Land, Air and Sea Dr. Farouk EI-Baz 

The Iraqi Occupation of Kuwait - Prof. Jassim AI-Hassan 
An Environmental Catastrophe 

10:15 Break 

10:30 Kuwait Oil Fires Pollution Dispersion Dr. ThomasJ. Sullivan 

Air Pollution Incidents Dr. Douglas Dockery 

12:00 Discussion 

12:30 Lunch Break 
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Environment Crisis 
Persian Gulf 

1991 

International Environment Strategy 

Arab contributions to world civilization 

War presents an environmental threat to world civilization 

Environment is a global concern and the ultimate deterrent of conflict 

Environment provides the catalyst for the new era 

Strategy for the environment and peace in the Middle East 

Strategy for a new security framework in the Middle East 

Environment Corps and Peacekeeping force under United Nations 

Available world-wide 

Financed by a percentage of oil revenues 

Strategy tor a world-wide peace and security framework 

Administered by representatives from the five permanent members of the 
Security Council 

Financed by a percentage of oil revenues 

Strategy tor a world-wide environment preservation framework 

Administered by representatives from the five permanent members of the 
Security Council 

Financed by a percentage of oil revenues 

Strategy tor international environment research and scholarship 

Financed by a percentage of oil revenues 

( 1) 
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ENVIRONMENT CRISIS 
PERSIAN GULF 

1991 

INTERNATIONAL ENVIRONMENT AND PEACE FUNDS 

\:J Immediate Goal 

() 

0 

Perpetuate Arab contributions to civilization. Address threat to the Environment. Preserve 
major source of oil production. Major international environment and peace programs 
commence activities. 

Important Arab Contributions to Civilization 

• Law 
• Mathematics 
• Philosophy 
• Medicine 
• Astronomy 
• Islam 

Historic Models 

• League of Nations and United Nations in the aftermath of Wor1d War I and Wor1d 
War II, respectively. 

• Rhodes Scholars 
• Nobel Prizes 

International Environment and Peace Funds 

The International Environment and Peace Funds will be. viewed in history as following 
the last war just as the United Nations is viewed as arising out of Wor1d War 11. 

• 

• 
• 

• 

International Peace Fund for the maintenance of peace. The International Peace 
Fund will be administered by five personal representatives of the heads of state of 
the five permanent members of the United Nations Security Council. The 
immediate effort of the Peace Fund will be the elimination of pollution from the 
oil wells and oil lakes. · 

Darwin Scholars for environmental research and education throughout the World . 

International Environment Fund for environmental preservation and elimination 
of environmental damage throughout the Wor1d. The International Environment 
Fund will be administered by five personal representatives of the heads of state of 
the five permanent members of the United Nations Security Council. The 
immediate effort of the International Environment Fund will be the 
commencement of an environment impact study and the removal of taxies from 
Kuwait. 

United Nations Environment Corps tor the protection .of the environment and for 
the maintenance of peace. United Nations Environment Corps will protect oil 
fields and oil production and transportation facilities of Kuwait. United Nations 
Environment Corps will assure that the oil under the territory of Kuwait and rhe 
revenues from such oil will belong to, and be tor the account of, the government 
of Kuwait. United Nations Environment Corps will immediately administer all 
border crossings, ports and airports in Kuwait. 

(2) 



INTERNATIONAL PEACE FUND 

Russia - France - Britain - United States - China 

Heads of State 

Each nominate a personal representative as a Director 

+ 
Directors 

Jointly administer through 

Permanent Executive Director 

United States Military General 
Policy and Planning Expert 

Military Policy and Planning Experts 
Senior Staff 

Staff from Russia, France, Britain, United States and China 
All actions taken by the Fund will be paid by the Fund or 

subsequently reimbursed by the Fund 

(A) 
!~ 
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INTERNATIONAL ENVIRONMENT SCHOLARSHIP 

DARWIN SCHOLARS 

Darwin Scholars: 

• Select Darwin Scholar recipients who will be the best and 
brightest scientists, professors and other scholars in the 
World working to preserve the environment and survival of 
species. 

• 

• 

• 

• 

Fund scholars, environmental programs and environmental 
studies throughout the World. 

Assist in developing and in funding environmental education . 

Award Darwin Prizes for outstanding environmental 
achievement. 

Publish environmental research reports . 

Darwin Scholars immediately awards Darwin Prizes to outstanding 
environment scientists, professors and other ·scholars. 

(B) 



INTERNATIONAL ENVIRONMENT FUND 

Russia • France • Britain • United States • China 

Heads of State 

Each nominate a personal representative as a Director 

• 
Directors 

I 
Jointly administer .through 

CJ 
Permanent Executive Director 

United States Environment 
Protection Expert 

Environment Protection Experts 
Senior Staff 

Staff from Russia, France, Britain, United States and China 
All actions taken by the Fund will be paid by the Fund or 

subsequently reimbursed by the Fund 

(C) 
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UNITED NATIONS 

SECURITY COUNCIL 
Permanent Members 
Rotating Members 

Secretary General 

~---·-·------·----·---------

: United Nations Environment Corps : 
1 {United Nations Peace Keeping Force} ; 
: : . . 
l .. .. .. .. .. .. . .. .. .. .. .. .. .. .. .. . . .. .. .. .. . .. .. .. .. .. . . .. - : 

(D) 



CONTRIBUTION TO WORLD CIVILIZATION 

The contribution of a percentage of future oil revenues assures for future 
world civilization and for the environment supra-national coordination of 
education, research, planning and action targeting on the environment. 

Education, research and planning targets natural disasters and manmade 
disasters including natural events and war. 

In the context of oil production, the cost of the contribution to world 
civilization is not great. 

Conceptually the contribution to world civilization and to humanity 
includes present funding and assignment of future revenues. 

The International Peace Fund receives ten to twenty-five million dollars 
and a permanent assignment of five percent of oil revenues. 

The Darwin Scholars receives ten to twenty-five. million dollars and a 
permanent assignment of one percent of oil revenues. 

The International Environment Fund receives ten to twenty-five million 
dollars and a permanent assignment of five percent of oil revenues. 

The United Nations Environment Corps receives a permanent assignment of 
one percent of oil revenues. 

(E) 

CJ 
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Centers for Disease Control: 

National Center for Environmental Health and Injury Control 
National Institute for Occupational Safety and Health 

and 
The Agency for Toxic Substances and Disease Registry 

HEALTH ADVISORY FOR KUWAIT AND SAUDI ARABIA 

OCTOBER 8, 1991 

BACKGROUND: 

In February 1991 more than 749 oil wells were damaged or set on 

fire throughout Kuwait. Efforts to extinguish the fires and end 

the pooling of oil in the desert have now resulted in the 

successful capping of over 500 wells. On.March 21, 1991, the 

Public Health service (PHS) issued a preliminary health advisory 

C) related to the burning oil fires which addressed the potential 

health threats posed by the smoke, the signs and symptoms of 

exposures, and recommended public health measures. At the time 

of the preliminary health advisory, no data were available on the 

levels of airborne pollutants generated by the oil fires. 

Similarly, no information was available on the health problems 

being experienced by the civilian and military populations as a 

result of exposure to the oil fire pollutants. Several United 

States and international teams of environmental and health 

experts have visited Kuwait and Saudi Arabia to assess the 

changing situation. This health advisory is based on the 

preliminary data generated by these activities. 

1 



This update will provide: 

1. Results of the air monitoring data collected by the US 

Interagency Air Assessment team and other international 

organizations; 

2. Summary of the health surveillance findings for 

civilian and military populations in Kuwait; and 

3. Revision of the public health recommendations for US 

citizens. 

SUMMARY OF AIR MONITORING DATA: 

Since the fires were set in February, the plume of the fire has 

typically risen 10,000 to 12,000 feet, mixing with the air and 

0 

then being dispersed for several thousand miles downwind over a ::J 
period of several weeks. As the plume travels, the particles and 

gases contained within it become more widely dispersed and also 

more diluted. The highest concentrations of pollutants are found 

in the areas nearest the affected oil fields and the areas 

immediately downwind. 

SULFUR DIOXIDE, NITROGEN DIOXIDE, CARBON MONOXIDE: 

During April through July the levels of two major air 

pollutants (sulfur dioxide and nitrogen dioxide) never 

reached harmful levels based on the U.S. EPA air pollution 

index (See Appendix). The level of CO exceeded the U.S. 

alert level on rare occasions, possible due to increased traffic. 

2 
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AVERAGE MONTHLY MAXIMUM 5-MIN u.s. 

LEVEL PPM LEVEL PPM ALERT 

APRIL-JULY APRIL-JULY LEVEL' 

Sulfur Dioxide 0 . .002 0.038 0.3 

Nitrogen Dioxide 0. 013 0.496 0.6 

Carbon Monoxide 0.648 33.1 15.0 

'see Appendix for time periods of measurement. 

PARTICULATES: 

The average level of particulate matter measuring less than 

10 microns, that portion of airborne particulate with the 

greatest health impact on the respiratory system, measured 

each day between May July 10 was 308 ug/m3 and the maximum 

level was 2029 ug/m3
• The alert level in the U.S. is 350 

ug/m3
• It must be remembered that Kuwait, for various 

reasons including frequent sand and dust storms, has an 

average annual level of PM10 of about 700 ug/m3
, the highest 

in the world (WHO/GEMS). The PM10 levels of daily samples 

exceeded 500 ~g/m3 on 5 days during May, 3 days during June 

and 1 day in the first 10 days of July. 
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HYDROGEN SULFIDE: 

For hydrogen sulfide, the highest measured level was 0.042 

ppm by the US EPA in a grab sample in a well plume in 

Sabiriyan. This level is well below levels that can cause 

mucous membrane and conjunctival irritation (10 ppm), 

olfactory fatigue (100-500 ppm) or asphyxiation (500 ppm). 

Levels greater than 1000 ppm can cause apnea within seconds. 

The peak level of 0.042 ppm is well below the U.S. federal 

occupational standard for hydrogen sulfide of 20 ppm, the 

ceiling concentration for an 8-hr workday. 

NICKEL AND VANADIUM: 

Information about concentrations of metals in the ambient 

air in Kuwait has been collected by a team of French 

researchers who visited Kuwait from March 27 to April 4, 

1991. The Laboratory of Hygiene of the city of Paris and the 

French Institute of Petroleum measured vanadium and nickel 

from 8 samples collected from different parts of the city at 

different times on several days. The average concentration 

of nickel in the 8 samples was 221 ng/m3 (values ranged from 

20 ng/m3 to 600 ng/m3
) • The average concentration of vanadium 

was 32 ng/m3 , (values ranged from less than 20 ng/m3 to 200 

ng/m3 ) • The Kuwait Environmental Protection Department 

measured nickel and vanadium using high volume samplers 

placed at each of three different hospitals in Kuwait City 

during 10 days between March 16 and April 26, 1991. The 
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average concentration of nickel during the 10 days was 54 

ng/m3 (values ranged from 22 to 145 ng/m3
) • The average 

concentration of vanadium was 32 ng/m3 (values ranged from 7 

to 75 ng/m3 ) • To put these values into perspective, the 

average nickel concentrations in urban areas of Europe range 

from 60 to 300 ng/m3 and the average vanadium concentrations 

range from 7 to 200 ng/m3
• 

BENZO(A)PYRENE: 

The median level of benzo(a)pyrene measured by the French 

team at the English school in Kuwait city was 4.9 ng/m3 • In 

the village of Ahmadi they measured 7.6 ng/m3
• For 

comparison, the median level measured in .Paris in the winter 

was about 4. 6 ng/m3
• 

It should be stressed that measurements of air pollutants 

from the Kuwait oil fires are still not complete nor 

adequate to fully evaluate the potential long-term health 

effects. 

SUMMARY OP HEALTH SURVEILLANCE FINDINGS: 

All of the substances released by the burning oil wells can cause 

adverse health effects, which vary depending on the concentration 

and duration of exposure. These effects were summarized in the 

Preliminary Public Health Advisory. Surveillance in civilian 
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clinics and emergency rooms, and a survey conducted among u.s. 

Marines, indicate increases in symptoms of upper respiratory 

irritation. These observations are consistent with the 

environmental air sampling results indicating high levels of 

airborne particulate matter. 

EVALUATION OF HEALTH EFFECTS FOLLOWING SHORT-TERM EXPOSURES: 

Data collection from polyclinics and hospital emergency 

rooms continues to improve. Preliminary analyses of 

emergency room surveillance conducted at two hospitals in 

Kuwait City from January 1 to April 30 showed that 6,127 

visits had occurred, 2,373 in the period during occupation 

before the oil fires were started (Jan 1 - February 22) and 

3,754 in the period after liberation (February 23-April 30). 

Notable findings included the fact that the proportion of 

visits by residents of Kuwait City to the emergency rooms 

for gastrointestinal illnesses, heart disease, psychiatric 

illnesses, chronic bronchitis, emphysema, and bronchiectasis 

increased during the period after the oil wells were 

ignited. On the other hand, there was no documented 

increase in the proportion of visits for acute upper and 

lower respiratory infections or asthma during the period 

after the oil wells were ignited. 

Department of Defense surveys of Marines stationed in Saudi 

Arabia and Kuwait showed that Marines in Kuwait reported 
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more frequent symptoms of upper respiratory irritation.:suc;;):;l __ . 
--:_·C~ .~::"'~ 

as dry cough compared with those who served only in Saudi 

Arabia. Marines with a history of asthma were more likely to 

report wheezing in Kuwait compared with Marines in Saudi 

Arabia. 

POSSIBLE HEALTH EFFECTS FOLLOWING PROLONGED EXPOSURES: 

At the lower concentration levels of air pollution observed 

to date, the primary public health concerns are the 

cumulative effects of prolonged exposure and short term 

exposure during a pollution episode. Of particular concern 

are the potential effects of elevated levels of particulates 

on the respiratory system, such as a decrease in lung 

function or the development of chronic bronchitis. 

Some of the hydrocarbons, measured at low concentrations in 

the smoke, have been shown to cause cancer in laboratory 

animals at higher levels of exposure. In addition, 

epidemiologic studies show that exposure of humans to high 

concentrations of nickel for many years can cause lung 

cancer. At an air nickel concentration of 1000 ng/m3 

(higher ever measured in Kuwait), a conservative estimate of 

the lifetime cancer risk is 4 per 10,000. There is no 

evidence that vanadium concentrations below 1000 ng/m3 have 

adverse health effects. 
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Based on risk estimates from coke-oven emissions, about 9 

per 100,000 exposed people may die from cancer of the 

respiratory tract as a result of spending a lifetime in 

ambient air containing an average of 1 ng benzo(a}pyrene per 

m3 mixed with all the other polycyclic aromatic hydrocarbons 

and related substances in coke-oven emissions. 

Most epidemiologic studies of health effects following 

prolonged exposures are based on a lifetime of exposure to 

the chemical of interest. Thus, it is difficult to 

extrapolate those results to the current situation, in which 

exposure levels changes as the wind shifts direction. In 

addition, most, if not all of the oil fires are expected to 

be capped by March, 1992, 5 months from now. Thus, 

individuals are cautioned not to extrapolate these risk 

estimates to their particular exposure history. 

PUBLIC HEALTH RECOMMENDATIONS FOR US CITIZENS IN KUWAIT 

AND SAUDI ARABIA: 

These recommendations are slight modifications of the preliminary 

precautions to protect public health issued in March, 1991: 

1. All personnel stationed or working in the immediate 

vicinity of the burning oil wells (such as 

firefighters} should be medically evaluated prior to 
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their assignment for pre-existing cardiac and pulmonary 

diseases and issued appropriate personal protective 

equipment. Sufficient training should be provided in 

the use of this equipment and appropriate safety 

precautions. 

2. US Embassies should consider the initiation of a health 

alert system during this period of decreasing winds in 

Kuwait during October, November, and December 1991. 

During air pollution episodes persons residing in areas 

with high air pollution should be advised on measures 

they can take to reduce their exposures. These include 

staying indoors during air pollution episodes and 

keeping windows shut, and monitoring changes in their 

own health status. Persons at risk for experiencing 

health problems from air pollution, particularly 

asthmatics, and individuals with underlying respiratory 

or cardiac conditions, should be educated as to the 

early warning signs and symptoms of potential serious 

exposure such as runny nose, sore throat, watery eyes, 

chest pain, headache, nausea, dizziness, cough, 

shortness of breath, etc. Persons experiencing even 

minor symptoms should be instructed to seek medical 

attention. 
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3. Persons who smoke should be encouraged to stop smoking. 

They should be warned about the possible additive 

effects of exposure to cigarette smoke and air 

pollution. 

4. Persons exposed to the smoke from the oil well fires 

should thoroughly wash exposed areas of skin each 

evening, to prevent excessive dermal absorption. 

5. Medical personnel should be advise~ of the potential 

health hazards posed by the burning oil. Individuals 

with respiratory complaints should be carefully 

evaluated and clinical personnel should be educated on 

the appropriate medical management of acute airway 

obstruction. 

6. Public health authorities should develop and 

effectively disseminate information to the public 

covering the above measures in addition to advice 

concerning and symptoms of potential ill-effects, and 

steps to follow if such symptoms appear. 

10 
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C'~ ACTIONS TO FURTHER ASSESS THE SITUATION: 
_j 

1. The medical facilities in the affected areas should be 

2. 

prepared to both diagnose and treat medical conditions 

which may occur as a result of exposure to emissions 

from the burning oil wells. These include adequate 

cardiac and respiratory monitoring equipment for 

patients presenting with chest pain and shortness of 

breath, oxygen delivery systems, chest x-ray machines, 

pulmonary function testing equipment, airway management 

equipment (etc. endotracheal tubes), and medications 

(eg. beta adrenergic agents). 

Ambient air monitoring should continue in all major 

residential areas in Kuwait and Saudi Arabia. Specific 

pollutants to be measured should include respirable 

particulates, sulfur ~ioxides, hydrogen sulfide, 

nitrogen oxides, and other pollutants. Monitoring 

activities should be continued in those areas most 

likely to be affected by the smoke plume. 

3. Surveillance systems for adverse health effects should 

be expanded, to better monitor the health status of 

persons exposed to the oil fire plumes. In addition, 

the availability of medical records for long-term 

follow-up of highly exposed persons should be assessed. 
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APPENDIX 

The following table lists current U.S. regulations or other 

recommendations for environmental levels of selected air 

pollutants: 

POLLUTANT 

Carbon Monoxide 

STANDARD 

9 ppm (10 mg/m3 ) 

35 ppm (40 mg/m3
) 

AVERAGING 

TIME 

8-hour 

1-hour 

Particulate Matter 1-year 

( :S 10 JLm) 

Sulfur oxides 

24-hour 

1-year 

0.14 ppm (365 )Lg/m3
) 24-hour 

0.5 ppm (1300 JLg/m3 ) 3-hour 

Ozone 0.12 ppm (235 )Lg/m3
) 1-hour 

Hydrogen sulfide 0.15 mg/m3 24-hour 

Nitrogen Oxides 0.05 ppm (100 )Lg/m3
) Annual 
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PREFACE 

The demolition and subsequent burning of the Kuwai( oil fires was a senseless act of 
destruction that has threatened public health, damaged the environment, and may possibly 
cause short or longer term changes in regional and giobal climate. Many nations responded 
to this disaster by offering aid and by rushing teams into the affected area to make 
measurements that would assess the impact of the fires. 

The following report su=arizes a workshop that was held July 24-26, 1991 at the National 
Center for Atmospheric Research (NCAR) to discuss a plan to gather all the atmospheric 
measurements that are being made in the Gulf region and make them available for general 
dissemination. This workshop was initiated by the World Meteorological Organization and 
co-sponsored by the National Oceanic and Atmospheric Organization. 
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PART I--INTRODUCTION 

A large-scale, international effort has been initiated by the World Meteorological Organization 
to assess the atmospheric effects caused by the man-made pollution that is introduced by the 
burning of more than 500 oil wells in the Kuwait oil fields. The WMO called a meeting of 
experts to discuss how to assess the effects and to coordinate an international response for 
the atmospheric part of the environmental emergency in the gulf.1 This meeting identified 
a large number of agencies that had been or would soon be participating in measurement 
programs in the Arabian Gulf region and focused on the critical environmental issues that 
needed to be addressed by these measurement programs. All of these programs are being 
coordinated by the WMO whose responsibility is to ensure that adequate measurements are 

·made and that these measurements are integrated and disseminated to international research 
organizations in a systematic and timely fashion. 

This latter task requires gathering the many measurements from multiple platforms, 
cataloguing the attributes of each of the data sets, archiving and then disseminating this 
information. The need for this operation is stated in section 6.5 of the draft report. However, 
the methodology and mechanisms for accomplishing this task are omitted. A number of 
factors are involved with establishing a data archive and· this task should not be undertaken 
without careful consideration and utilization of input from the agencies that were involved 
in the measurement programs. The World Meteorological Organization (WMO), seeing the 
need to solicit this input, asked the National Center for Atmospheric Research (NCAR, 
Boulder, Colorado) to organize a workshop that would focus on the salient aspects involved 
with starting the data archiving process. This workshop was held at the NCAR facilities on 
July 22-24, 1991. . 

The urgency of the problem and need to initiate an archiving process as soon as possible 
made it difficult to obtain representatives from all agencies who had participated in the Gulf 
Regional Air Monitoring Program (GRAMP) since there was only about a three week period 
between notification and start of the workshop. Nevertheless, over 45 attendees from more 
than 20 agencies and five countries participated in the workshop (Appendix C lists all the 
participants). 

The remainder of this document summarizes the workshop proceedings (the agenda may be 
found in Appendix A). 

1 Draft Report of the WMO Meeting of Experts on the Atmospheric Part of the Joint 
U.N. Response to the Kuwait Oil Fields, Geneva, 27-30 April 1991. 
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PART IT--OVERVIEW AND CONTEXT OF WORKSHOP 

There were several objectives to be met by the workshop. 

• 

• 

• 

To identify as many data sources as possible that could be assembled into an archived 
data set which will assist the scientific community in assessing the impact of the 
Kuwait oil well fires. 

To identify measurements that are still needed and things that should be done to 
present data sets for future analysis. 

To make recommendations with regard to how the data should be documented, 
archived, accessed, and disseminated to achieve maximum accessibility and portability. 

Identification of Data Sources 

During the course of the workshop, representatives from a number of agencies summarized 
the types of measurements· that their groups have been making in the Gulf region. The 
measurements are generally grouped in fotir categories: ground-based, airborne, satellite, and 
computer models. 

Ground-based Measurements 

Representatives from the King Fahd University for Petroleum and Minerals (KFUPM, 
Dhahran, Saudi Arabia)2

, National Oceanic and Atmospheric Administration (NOAA), 
Defense Nuclear Agency (DNA)3

, Environmental Protection Agency (EPA), the National 
Institute of Standards and Technology (NIS1) and the United States Army Environmental 
Health Agency (USAEHA) presented overviews of their measurement programs. These are 
summarized as follows: 

2 KFUPM is one of several facilities that make up the Saudi Arabian Meteorological 
and Environmental Protection Agency (MEPA). 

3 The representative from this group also discussed measurements made by the 
University of Bahrain who collaborated with the DNA on radiation measurements. 
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• :MEPA- Atmospheric measurements ofPM-10", S021 0 3, CO, H::S, Polycyclic Aromatic 
Hydrocarbon (P AH) analysis, inorganic acids, volatile organic hydrocarbons 
(VOC) and heavy metals. Soil samples were analyzed for nickel and 
vanadium. Solar radiation measurements are also being taken at KFUPM. 

• ·NOAA - 16 meteorological towers in Kuwait are telemetering 15 minute averages of 
temperature, humidity, horizontal winds, and solar radiation into Kuwait City. 

• EPA- Measurements of 502, Polycyclic Aromatic Hydrocarbon (PAH) analysis, 
inorganic acids, volatile organics and Heavy metals. Single measurements 
were made at 10 different locations from March 13 - March 20. 

• DNA - In Collaboration with Bahrain University (BU), direct, diffuse, and spectral 
radiation data were taken in Bahrain with DNA and BU radiometers. The 
university of Bahrain has also been making spectral measurements since 1986 
that can serve as useful pre-fire background data. 

• NIST - Has made measurements of flame height on five oil wells, heat flux and release 
rate on one well, and analysis of particulate mass and P AHs from an oil pool 
fire. 

• USAEHA - Soil sample analysis for metals. 

In addition to the ground-based measurement programs presented at this workshop, several 
other agencies were identified either as having made measurements or planning to. Those 
that were mentioned were groups from Saudi Arabia (Royal Commission, ARAMCO, 
MODA/MSD), Kuwait, Bahrain (Environmental Protection Committee), France (Air Parit), 
Germany (Ministry for Environment), Norway (Institute for Air Research), and Japan. The 
specifics of these measurement programs were not available for further discussion but the 
archiving process will need to encompass these data sets if they become available. 

4 PM-10 is the particle mass of all particles less than 10 }liD diameter. This is a 
technique whereby particles are deposited on a filter after particles larger than 10 
}liD have been removed from the air. 
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Airborne Measurements 

The airborne measurements were discussed by the representatives of the German Ministry of 
Environmental Protection (GMEP) and the National Center for Atmospheric Research 
(NCAR). The measurements made by these organizations are as follows: 

• NCAR- Temperature, pressure, humidity, horizontal and vertical winds, turbulence 
Particle size distributions (0.05 - 600 flri1 diameter) 
Cloud condensation nuclei, condensation nuclei 
Cloud droplet composition 
Soot mass 
0 3, CO, NO., SO:zo HzS, OCS, CS2, Methane, Total Sulfur, Speciated and 
Continuous Peroxides, Formaldehyde, Total Hydrocarbons 
Short Wave, IR, and UV radiation, Surface temperature 
Single particle albedo 
Lidar - 0.5 flriJ., 1.06flri1, 10.6flri1 
Dropsondes - vertical profiles of winds, temperature, and humidity 
A total of 15 flights and 100 flight hours were flown covering the time period 
from May 19 - June 4, 1991. 

• GMEP - Temperature, pressure, humidity, horizontal winds 
Particle size distributions (0.1 - 50 flri1 diameter) 
Soot mass 
0 3, NO., SO:z, VOC, P AH, Anions, Cations, metals 
UV radiation 
A total of 29 flights were flown from the period May 20 ·~ June 6, 1991. 

In addition to these airborne measurement programs, other airborne measurement projects 
were identified. The British Meteorological Service operated an aircraft and flew 55 hours 
during seven flights from March 22 to April 2, 1991. The University of Washington aircraft 
flew during the same period as the NCAR aircraft in a cooperative experiment and its 
instrumentation was fundamentally the same as NCAR's. The Department of Energy has 
made airborne measurements during the months of July and August and NASA had plans to 
fly a helicopter near the plumes to make better estimates of emission factors. There has also 
been discussions of sending the NOAA P-3 to the Gulf in the October-November time period 
of 1991. 
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Satellite Measurements 

A number of satellites cover the Gulf region and this data can be obtained from several 
different sources. 

• Meteosat 4 and 5 (Geo-Stationary) 
• NOAA 9, 10 and 11 (two passes/day, each satellite) 
• Defense Meteorological Satellite Program (DMSP) F8, F9, FlO (two passes /day, each 

satellite) 
• Landsat 
• SPOT 

Surface and Upper Air Stations 

The WMO World Weather Watch has 180 surface observing stations and about 40 upper air 
stations in the countries concerned. The data from those stations that report are archived 
daily at NCAR. 

Modeling Efforts 

Numerous modeling efforts are presently going on around the world, many· of which were 
identified at the WMO meeting of experts. Three of these models were discussed at the 
workshop. 

• 

• 

• 

Lawrence Livermore National Laboratory - The Atmospheric Release Advisory 
Capability (ARAC) is used to model optical density and provides near-real-time 
assessments of concentration, dose, and deposition of particulate as a function of tinie 
and location. 

NOAA/ARL - The ARL (Atmospheric Research Laboratory) mns three models for 
emergency response smoke plume dispersion forecasts. These models are used for 
concentration and trajectory forecasts. 

Royal Netherlands Meteorological Institute - "Puff model" provides isopleths of 
vertically integrated soot concentration and dispersion forecast in 24, 48, and 72 hour 
time intervals. 
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0 Data Analysis Requirements 

One of the primary reasons for archiving large data sets is to provide an easily accessible, 
centralized database to facilitate extensive analysis. The database will be used to address four 
major issues: 

• 

• 

• 

• 

What is the composition and amount of gaseous and particulate by-products being 
produced by the buming oil wells? 

What is the magnitude of the exposure to toxic substances in the Gulf region in 
relation to human health risks? 

What are the expected effects in areas more remote from the source with regard to 
additional air pollution and deposition? 

Are there any global effects to be expected and what would be the magnitude and 
duration? 

The analysis of the measurements fall into categories of diagnostic and prognostic. In the 
first case diagnostic analysis is used: 

• 

• 

• 

• 

• 

• 

To assess the immediate regional impact on public health and the environlllent. 

To characterize the regional emission rates of smoke particles and trace gases . 

To measure radiative properties of the smoke particles and the radiative effects of the 
plumes with attention to how radiation affects .the altitudes of the plumes and the 
stability of the atmosphere. 

To measure characteristics of the smoke particles, i.e., size, shape, composition, and 
optical properties. 

To evaluate the degree to which smoke particles are scavenged in clouds, their 
subsequent effects on composition and radiative properties of clouds. 

To measure how the properties of the plume change with time . 

The prognostic use of the data will be: 

• To help in developing emergency response systems to warn the populace of health 
risks. 
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• To provide measurements that wiJI aid in better parameterization of turbulent diffusion 
fields, particulate size distributions, and chemical reaction rates. 

• To provide data on smaller ~e than available from Radiosonde Observations to 
initialize dispersion models. 

• To validate and help adjust medium, long-range, and global climate models. 

Data Archival Objectives 

The primary objectives to be met when archiving data from the atmospheric measurements 
made in the vicinity of the Kuwait oil fires are as follows: 

• 

• 

• 

• 

• 

To catalogue and document as many atmosphere related measurements as possible that 
are of relevance to assessing the impact of the fire; 

To assemble as many of these data sets as possible; 

To store these data sets on high density medium that can be easily accessed; 

To maintain these data sets and update them as necessary; 

To provide utility software to allow easy access and perusal, and retrieval of these data 
sets. 

These five objectives formed the focus of the remainder of presentations and discussions the 
final two days of the workshop. 

Cataloguing and Documenting Measurements 

The large quantity and variety of measurements that have been and are being made in the 
region of the oil fires makes it imperative that a major effort is made to compile 
comprehensive documentation on these data sets. At the minimum the following information 
must be included: 

• What atmospheric constituents were being measured? 

• What sensors were being used to make the measurements? 

• What are the ranges, resolutions, sample rates and accuracies of the instruments? 
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0 • Where and when were the measurements made? 

• Who is the primary contact to whom questions about the qataset should be directed? 

Some data cataloging efforts are already underway, one instigated by UNEP and one· by the 
U.S. Public Health Service. The UNEP effort is being developed by the Delft Corporation 
(The Netherlands) to be delivered to ROPME (Saudi Arabia). This system is called "A 
System for Assessment of Pollution" (ASAP) and is a PC-based database system that will 
contain as much information as possible about the measurements efforts taking place in the 
Gulf region. Information about this system can be obtained by contacting Dr. H.J. Van 
Zuylen (see Appendix B). 

The Public Health Service has developed a database of published literature that pertains to 
the health effects of the Kuwait oil well fires, This database is presently on-line and can be 
accessed by computer dial-up. More information on this service may be obtained from 
Dr. John Andrews (see Appendix B). · 

Gerald Barton (NOANNESDIS) described the NOAA Earth System Data Directory that is 
a referral service for national environmental data. He suggested that this directory might be 
a possible place to put the Kuwait data catalogue information once it is assembled. 

(J Assembling and Accessing Data Sets 

Assembling the data sets requires full cooperation of each of the participating agencies. All 
of the organizations that attended the WMO meeting of experts agreed to participate in the 
sharing of data. To expedite the archiving process, these data sets will need to be available 
on commonly available magnetic media (e.g., magnetic tape, CDs, floppy discs) and in a 
easily readable format (i.e., ASCII, packed integer, etc.). It is critical that each data point is 
labeled in some manner with the sensor type (e.g., SOz), time (locill or UTC) and location 
(preferably latitude, longitude and, where applicable, altitude). This labeling method will 
allow rapid retrieval for subsequent analysis. 

Storing Data Sets 

The amount of information to be stored in a central archive is enormous. The actual 
magnitude is difficult to assess at this time; however, it is clear that sufficient space must be 

· planned carefully at the archival center. In addition, since the data must be disseminated on 
an easily accessible medium, a high density media must also be identified. 
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A number of agencies routinely archive large data sets that are accessed frequently by large 
numbers of users. Technology is presently available for storing data in terrabyte quantities. 
Likewise, recent technology has been developed to store large quantities of data on relatively 
small devices such as compact optical discs or 8 mm video cartridges. These are but a few 

· of the possibilities that must explored before embarking on a project of this magnitude, 
Discussions during the workshop concerning long-term storage of magnetic media, especially 
newer technology such as DATs and Exabytes, emphasized the need to use multiple storage 
techniques. 

Disseminating, Maintaining and Updating Data Sets 

The data taken during the Kuwait oil fires is unique in its breadth and scope. The number 
of agencies and individuals who will seek access to this data set cannot be fully determined 
at this time, but is quite likely to be large. This data set is also likely to be accessed over 
a longer period of time and will continue to evolve as the fires are extinguished or as some 
of the measurements are modified to account for sensor recalibration or other corrections, and 
as more baseline measurements become available. 

A suggestion was made at the meeting of experts that the center for data archival should be 
located in either Kuwait or Saudi Arabia. Local impacts of the oil fires will most affect these 
two countries and it is reasonable that a data dissemination center be located in one of these 
two nations. Experience has shown, however, that a strategy should be explored in which 
multiple centers are established to be used as disSemination centers. International 
communications and computing equipment continues to improve in both speed and reliability. 
However, there will always be a finite chance that a power or equipment failure will 
temporarily disable ail archive center's ability to function, oftentimes at inopportune moments 
when data is most needed. Locating centers in the Middle East, Europe, and the US would 
ensure that the flow of data remain uninterrupted and that a catastrophic failure will not 
jeopardize an irreplaceable data set · 

Establishing three data centers does not mean three archiving centers if, by definition, an 
archiving center is the one that generates the initial cataloguing and formatting of data sets. 
The strategy is to maintain a constant line of communication between ·centers oo that any 
updates or modifications be implemented in the auxiliary centers once they have been 
certified by the central archiving facility. 

The actual dissemination of the data can be accomplished in two ways. One way is to put 
the complete data set on· a portable media such as magnetic tape or optical disc and mail it 
to the user who reads the data on his own system. An alternative way, to be used with much 
smaller, selected data sets, is for the user to communicate over the electronic network with 
one of the data centers and to request the specific information from the centralized mass 
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storage center. This is a technique routinely used at a number of agencies at this time. A 
representative from NCAR discussed the present electro)lic network that spans the world. 
This network continues to expand in size and speed. Branches already stretch into the Middle 
East, although the coverage is not yet as extensive as found in the United States and Europe. 

Some of the measurement systems provide a relatively simple set of data that is easily 
manipulated and analyzed. However, other measurement platforms such as aircraft can 
produce a complex set of measurements that is much more difficult to manipulate and 
interpret. As an example, there are more than 500 possible raw and derived variables 
available from measurements made by the NCAR Electra alone. Rapid display and 
manipulation of these data, coordinated with other data such as upper air and satellite 
measurements will require sophisticated analysis tools if useful information is to be extracted 
in a minimum amount of time. Some such analysis tools were demonstrated at the workshop 
that allow easy display of complex data sets from aircraft and for integrating measurements 
from mliltiple platforms such as satellite and ground-based measurements. 
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PART ill--RECOMMENDATIONS 

The workshop concluded with a summary session in which a number of recommendations 
were made concerning the handling of data from the Kuwait oil fires. The workshop has 
recommended (without assigning specific priorities) that: 

• NCAR should be the international archive center for regional datasets which are 
related to the Kuwaiti oil fires. In fulfilling this function, NCAR should: 

• 

• 

• 

• 

• 

• 
• 
• 
• 
• 

• 
• 

Identify, collect and store the relevant datasets . 
Manage the archive . 
Facilitate access to the datasets . 
Compile, maintain, and publish an inventory of the data sets . 
Maintain a set of appropriate software tools for accessing and viewing the 
datasets. 
Further develop archival perusal and display tools . 
Make these software tools available upon request. 

The datasets should be generally available without restrictions except for necessary 
nominal charges covering handling and shipping of data storage media. 

NCAR should provide special assistance to Gulf Region countrjes to meet their 
requirements for accessing the data. 

NCAR should consider appropriate data formats for long-term archiving with a view 
to supporting efficient access to the data, taking into account the needs of the major 
disciplines of evaluating groups such as public health agencies, modelers, emergency 
response teams, etc. 

Relevant archived data should be made available to health agencies as soon as 
possible. 

An assessment should be made as soon as possible of current measurements to 
determine what additional measurements should be made and what on-going 
measurements should be continued. 
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• 

• 

• 

• 

• 

• 

• 

• 

An electronic Bulletin board needs to be established for providing archive information 
to interested users. 

An advisory group should be formed to review the archival process . 

An Internet link to Gulf region should be established . 

WMO should take active role in publicizing Kuwait measurement activities . 

A WMO Gulf coordinator should publish quarterly situation reports . 

Encourage the Public Health Service to continue archiving health-related literature . 

Need of data focal points in the Gulf Region countries with active collaboration by 
scientists in the archival process. 

There should be a follow-up meeting_ later this year . 

A number .of additional measurement and analysis efforts were recommended: 

• 

• 

• 

• 

• 

• 

A climatological summary of the Gulf region should be made available as soon as 
possible. A Gulf region meteorologist should take a lead role hi this effort. 

The Air Force Defense Meteorological Satellite Program (DMSP) local ground
receiving station should remain in operation in Gulf area throughout the duration of 
the project (5th Weather Wing from Langley AFB, VA). 

Better source term characterization is critically needed . 

Modeling must be continued but with more realistic physics, and measurements must 
be used to validate these models. 

Data from any classified satellite, airborne, or ground-based measurements pertinent 
to the problem should be made available as soon as possible. 

Continued archival of Meteosat and NOAA A VHRR data is needed until at least the 
end of the fires. 
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Continued acquisition of higher resolution satellite data by landsat and SPOT is 
encouraged. 

Encourage NASA to continue hand-held camera photography of Kuwait oil fire plumes 
during space shuttle missions until oil well fires are extinguished. 
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PART IV--APPENDICES 

APPENDIX A--Agenda 

Agenda 
A Workshop on the Management and Analysis 

of Data Relating to the Kuwait Oil Fires 
July 22 - 24, 1991 
Boulder, Colorado 

Workshop Registration 

Opening Comments-WMO Representative 

() Workshop Objectives-WMO/NCAR 

Review of Available Data Sets-WMO 

Ground-Based 
MEP A, Saudi Arabia 
KFUPM, Saudi Arabia 
EPC,Bahrain 
NOAA 
EPA 

Airborne 
United Kingdom 
NCAR 
U. Washington 
Germany 

WMO Procedures & Formats for Data Exchange--WMO 

WWW Structures & Capabilities for Data Management--WMO 

Data Analysis Issues - Who will use the data archive? WMO 
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Integrating and Analyzing Multiple Data Sets--Darrel Baumgardner, NCAR/RAF 

Introduction to MciDAS--Tom Yoksas, UNIDATA, NCAR 

Aircraft Data Analysis, Introduction to WINDS--Gary Horton/Darrel Baumgardner, 
NCAR/RAF 

Integrating and Analyzing Multiple Data Sets--Paul Herzegh, NCARIRDP 

Archiving and Storing Massive Data Sets-Dennis Joseph, Scientific Computing Division, 
NCAR 

Electronic Co=unications and teleneting-Joe Choy, Scientific Computing Division, NCAR 

Co=on Data Formats--Russ Rew, UN/DATA, NCAR 

Requirement§ for Data Base Services.:.. WMO 

Tour of NCAR Computing and Archival facilities 

Requirements for Data Base Services-Continued--W.MO 

Review and Summary-WMO/NCAR 

End of Workshop 
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APPENDIX C--WWW Involvement in Emergency Response to Kuwaiti 
Oil Fires 

The introduction presented by Dieter Schiess! of the WMO at the 
onset of the workshop. 

Reestablishing and Strengthening of the WWW Structures 

The WWW operational component consists of the observing network, the telecommunication 
system, and the data processing facilities, and as an integrating and kind of overhead 
component, data management. It happens that I am the officer responsible for the WWW 
data management component. In this capacity, I have been asked to participate on behalf of . 
~. . . 

These major components of the WWW are represented in all the member countries in 
different degrees of sophistication and different degrees of completeness. The facilities in 
Kuwait have been nearly completely destroyed during the Gulf conflict. It is our major task 
and our major effort at the moment to assist Kuwait and other cOuntries in the Middle East 
Region to reconstruct their weather services and improve their facilities to the extent 
necessary to ensure that the data and products required can be generated, exchanged, or 
transported to the centers in areas in need. We have noted that the meteorological staff is 

·back to about 70 percent and is well-qualified. The upper-air station in the Kuwait airport 
will soon receive new Vaisala radiosonde equipment. I am here to report to you that the 
purchasing and contracting framework have been completed, and we are now only waiting 
delivery of the system. The existing wind finding radar has been repaired. This allows 
regular wind soundings at 06 and 18 UTC. Full radiosonde ascents (Pressure, Temperature, 
Humidity, Wind) will be made daily at 00 and 12 UTC. 

Somewhere later in the workshop, I will present to you the latest numbers on monitoring 
contained we executed last week so you can where we stand in terms of surface observations 
and upper air observations covering all the countries of interest in the Middle East Region. 

Surface observations at regular synoptic hours and, if required, more frequently are needed 
as input for the local assessment of the pollution situation and as input to forecast models. 
WMO's plan is to ·reestablish the five Synop stations of the Regional Basic Synoptic 
Network. This is considered to be the permanent routine observing system which is 
supplemented by 15 automatic meteorological stations established already by NOAA. · 
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As a matter of highest priority, the Global Telecommunications System (GTS) link between f\ 
the Kuwait National Meteorological Center and the Regional Telecommunication Hub (RTH) 'J 
Jeddah is being established. We have been informed as of the middle of July that a low 
speed circuit (100 baud) connection between Jeddah to the P'IT center in Kuwait has recently 
been established, and the next step will be to connect the NMC at the Kuwait Airport to the 
P'IT center. An upgrade of the link between kuwait and RTH Jeddah to medium speed, 
telephone type is necessary to enable the timely transmission of data and products required 
in Kuwait through the GTS. As an additional measure, WMO installed at the end of July a 
Data Collection Platform (DCP) at Kuwait Airport which allows the relay of radiosonde data 
(TEMP and PILOT) as well as surface observations directly through METEOSAT for 
injection into the GTS. 

Now, what I'm saying has been drafted and written around Monday last week, so it's about 
a week old. As far as I know, these devices I am referring to have been shipped, but they 
are not through custom clearance. 

The reception of satellite data, in particulm: imagery is of considerable importai).ce. The 
WMO plan therefore includes the· establishment of APT/WEFAX receiving station. In 
addition, it is planned to establish a ground receiving station for the Meteorological Data 
Dissemination (MDD) system operated by MEI'EOSAT which will allow direct reception of 
a broad selection of meteorological products urgently needed in Kuwait, including among 
others those from the ECMWF, from the World Area Forecast Cen.tr. e in London (to serve 
aviation), and from other Globai Data Processing System (GDPS) centers in Europe. Those C) 
centers took responsibility within the WWW scheme to provide products of a regional or 
super regional basis, or in some cases, on a global basis. 

Apart from the situation in Kuwait, similar attention is being given to improve the operational 
WWW components in neighboring countries in the down wind area. The improvements of 
the observing network in Iran, Iraq, and Afghanistan appears to be most urgent. However, 
our monitoring results indicate that for various reasons, only a small percentage of reports 
from these stations are routinely available from some couritries on the GTS. In particular the 
implementation of a radiosonde station in the Northwest Iran is a matter of priority. WMO 
is also making all efforts to improve the timely exchange of all available observational data. 

Data Management Concept 

The WWW structures (Global Observing System [GOS], GDPS, and GTS) have been offered 
to support the management of atmospheric data generated by various groups in the Gulf 
region. The Regional Specialized Meteorological Center (RSMC) Jeddah has indicated that 
it is ready to act as a data center. This workshop in Boulder, Colorado, is expected to 
develop a concept for the management of air monitoring data from the Gulf collected under 
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the Gulf Air Monitoring Program (GRAMP). WMO will involve all concerned countries and 
scientific groups to reach agreement on data formats, exchange policy, management and 
archiving procedures, availability of data sets, etc. 

The WMO Members and scientific groups concerned have requested that use should be made 
of proven methodology (such as NCAR data management systems) and exiSting WMO 
formats, procedures and structures, where possible to meet the requirements for data and 
products within and outside the Gulf Region. This may include the use of GDPS centers to 
provide specialized analysis and forecast products as well as data base services. It will also 
involve the use of the GTS for the real-time and nonreal-time exchange of data where 
required and appropriate. 

Emergency Response 

Several institutes are ready to provide analysis and forecast products to Kuwait, if required 
on a routine bases to support an appropriate emergency response system. WMO is taking -
steps to cOordinate and organize such support. Although relatively high resolution 
meteorolo~cal (mesoscale) products are available from major GDPS centers, it is not 
guaranteed that these are always meaningful due to the general lack of data from the region. 
The products from major centers will therefore have to be interpreted by experienced 
forecasters before applied on a national scale and used as an input for-air quality assessments 
and forecasts. WMO proposes that this capability be established as a warning center in 
Kuwait combining the. expertise of a·meteorologist, an air quality, and a health expert to 
cooperate routinely in providing analyses and regUlar advice to decision makers in the 
countries. 

This briefly summarizes the position of WMO in the view of two major tasks we are trying 
to pursue and which I would like to convey to the workshop as objectives from the point of 
view ofWMO, which is to provid~ recommendations for the establishment of an Emergency 
Response Scheme to give the countries in the region a mechanism at hand to warn their 
population and their economists in appropriate fashions. The second objective is to arrange 
for a consolidated, consistent, and common data storage and archiving for those centers for 
either producing or collecting data or who take responsibility in producing dedicated products 
for the region. 
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APPENDIX D--The WWW Data Management Concept of WMO 

Dieter Schiess! 
World Meteorological Organization 

Geneva, Switzerland 

Background 

The World Weather Watch (WWW)-the basic program of WMO--is twenty-five years old. 
From the start, this program consisted of three components, namely the Global Observing 
System (GOS), the Global Data Processing System (GDPS) and the Global Telecommuni
cation System (GTS). After the first GARP Global Experiment (FGGE) had revealed a 
number of serious deficiencies, the WMO Congress initiated in 1979 the WWW Integrated 
System Study (ISS). As a result of this study, the perception of the three component structure 
was replaced by a concept of an integrated WWW system, whereby appropriate data
management functions should effectuate the integration. The WWW Data Management 
Concept was introduced through the WMO Second Long-term Plan (1988-1997) and the 
WMO Congress (Cg-X 1987) noted its importance as the integrating element in the WWW 
system and urged its rapid implementation. 

Problems and Opportunities 

The volume of data produced and exchanged globally within the WWW system nearly 
doubles every five years. This in mainly caused by: 

1. 

2. 

3. 

4. 

Progressing introduction of surface-based, automated, remote-sensing systems 
(Radar, Sodar, Lidar, etc.); 

Increasing use of automated in-situ observing systems (AMDAR, ASDAR, 
drifting buoys, etc.); 

Growing volume of satellite data; 

Expanding data volumes generated by numerical meteorological productions. 
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The total amount of data is expected to exceed, in many cases, the requirements of individual 
Members. The widely uncontrolled injection of information sets into the GTS will lead to Q 
Overloading of many teleco=unication links and of national data bases and will hinder the 
Members' efficient access to those sets of information needed for their daily operations .. 

The present data exchange system (GTS) shows deficiencies, since it still carries, in many 
parts, the basic features of a conventional Teletype system (i.e., store and forward of 
character-based data via many nodes) and is, therefore, no longer capable to render the 
services needed to cope with growing requirements within a reasonable financial and technical 
framework. It is necessary to look for appropriate means in terms of Data Management to 
carry the present data exchange system forward through a transitional phase to a system fully 
developed for the requirements of the next decade. 

But side-by-side with these problems, new opportunities have emerged. Cost-efficient 
technologies for data processing and telecommunications favor the coordinated design and 
implementation of automated systems and also facilitate the cOoperation of Members within 
the WWW system at different levels of sophistication. An array of Regional Specialized 
Meteorological Centers (RSMC) with geographical and activity specialization in concert with 
the three WMCs and a number of advanced Regional Teleco=unications Hubs (RTH) 
provide an ideal starting point for better coordinated and improved data exchange among each 
other and with presently 160 National Meteorological Centers worldwide. 

The rapidly growing appreciation of and adherence to international standards for ',) 
telecommunications and data processing technology in the meteorological co= unity, mainly 
for computer graphics, software management and telecommunication are major assets which 
open new lind promising prospects for the WWW system. 

WMO fully recognized these new opportunities for its vast data handling requirements and 
responded by introducing the Data Management (DM) Concept as an element of WWW. 

Data Management Concept 

Purpose and Scope 

Data Management is the component within the WWW system which provides those support 
functions needed for the orderly overall management of meteorological data and products of 
the WWW ·system, the most economical use of the resources of the WWW system 
components, the monitoring data and product availability and quality, the identification of 
operational deficiencies and the initiation of remedial activities. It will be realized by 
implementing DM functions and services in the networks and facilities of GOS, GTS, and 
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GDPS and in the interfaces between them. In order to enable each member to participate at 
a level commensurate with its abilities and requirements, it is necessary to allow for suitable 
interfaces, flexible developed and developing countries. Particularly in the area of data 
processing and teleco=unications, DM will define and design proper procedures and 
interfaces which will allow Members to obtain the coherent and appropriate sets of data and 
products required. Hence, the main long-term objectives of DM concept are defined as 
follows. 

1. To fully integrate WWW operations and monitoring activities including 
methods to correct deficiencies in the WWW System; 

2. To establish co=on procedures for management and handling of data and 
products within the WWW System in order to meet effectively and efficiently 
Members' individual requirements; 

3. To coordinate and support DM issues for the participation of Members in the 
technologically advancing WWW System. 

Organization 

The Co=ission for Basic Systems (CBS-IX 1988) established the Working Group on Data 
Management (WGDM) to deal with concept and implementation ofDM. This group should 
coordinate with the Working Groups on the GTS, GOS, and GDPS in DM matters as 
appropriate. The Working Group on Data Management is assisted by the Sub-groups on Data 
representation and on Codes. As to the technical expertise, the working group relies on 
expert meetings, workshops, and consultants. This organizational framework is supplemented 
on the global level by Implementation Coordination Meetings on the DM on the Main 
Telecommunications Network (M'IN), and on the regional level by the Regional 
Implementation Coordination Meetings. on DM and Regional WWW Implementation 
Coordination Working Groups. 

Current Activities 

Although the DM concept is just beginning to evolve in the long history of WWW, CBS has 
already embarked on a number of prominent issues: 
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Distributed Databases Concept (DDBs) 

The DDB concept envisages a number of databases, each owned and operated by a center, 
containing a number of data sets of observational data and products of the WWW system 
primarily for use in real time or near real time. In entirety, each data set provides all 

. currently available data of a particular type or of a defined scope, e.g., all TEMP data, all 
satellite soundings at a defined resolution. Each database is intended to relate to a specific 
sub-set of WWW data, by data type, period of retention, and geographic area. ])atabase 
centers are distributed ii:J. relation to geographic or other requirements recognizing the 
constraints imposed by telecommunication facilities. 

Data from the DDB will be in principle available by routine arrangements. This mechanism 
will be supplemented by ad hoc request/reply and special arrangements, whereby the 
assignment of specific responsibilities above national level to individual data centers will be 
by international agreement through CBS and its working groups. 

1. Routine arrangements handle data for exchange on a regular basis on the GTS; 

2. Ad hoc requests will occur on an occasional basis and are temporary by nature; 

3. Special arrangements handle data which are normally not made available over 
the GTS, but are exchanged by-lateral agreements such as experimental data 
or data-related to research projects. 

Planning of the data center network should ensure that each set or subset of data provided at 
a data center to meet the needs of a particular service domain should be available at another· 
center and that in event of failure arrangements are made for supply of required data to/from 
that domain from/to alternate centers and for the rapid re-establishment of database contents 
on recovery of the center which has suffered failure. 

The logical organization for the DDBs is illustrated Figure 1. Designation of centers with 
primary and alternate responsibilities must be governed by availability of appropriate 
telecommunication services. Principally, these will be provided by the improved GTS as 
illustrated by the scheme in Figure 2. The use of other facilities, e.g., public data networks, 
for back-up and special purpose access must also be expected. Adequate measures to protect 
from unauthorized access must be provided. 

Complementary to subsets of data of different types, e.g., those provided by different types 
of observing systems, the DDBs should include added information to original observational 
data, e.g., quality control information provided by GOS and GDPS services. Such 

32 

0 

·:J .. 



C) information should be made available as required. Data should also be provided selectively 
to meet routine or specific requirements, the smallest addressable data entity within the DDB 
being governed by the ability to represent such data within a single element of a WMO code 
form, e.g., Qne BUFR item, one GRIB representation. 

· The DDB concept is envisaged to extend to data-related to status information on availability 
and quality of data, including products, to climatological and oceanographic data, and to data 
in archives. 

Procedures for Monitoring of the Status of WWW System 

The objectives of the monitoring activities are to improve the performance of the WWW on 
a national, regional and global level through identifying deficiencies and initiating corrective 
actions as quickly as possible. Efficient monitoring requires close cooperation between all 
centers concerned, as well as with the WMO Secretariat. To this end, WMO has developed 
plans which detail procedures and responsibilities for monitoring activities for data availability 
in real time and non-real time and for data quality. 

Real-Time Monitoring Activities 

Q Real-time monitoring contains activities carried out quickly enough to allow remedial action 
to be taken in time to be of value in day-to-day meteorological work. This requires swift 
exchange of information between centers concerned, e.g.: 
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·1. Bulletins not received by the time specified; 

2. Observations not received, or which are incorrect; -

3. Inadequacies in receipt of processed information. 

Non-Reai-Tlme Monitoring Activities 

Non-real-time monitoring activities are carried out over a specific time period at an agreed 
frequency, for instance once per year. Types of data to be monitored include observations 
such as TEMP, SYNOP, Pll..OT, AMDAR, CLIMAT, BA1HY, TESAC which are marked 
for global exchange. WWW centers are invited to participate and provide their findings to 
the WMO Secretariat. The WMO Secretariat coordinates these activities and produces a 
summary of statistics and evaluates, as far as possi~le, the deficiencies. 
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Non-Real-Time Data Quality Monitoring 

The monitoring of the quality of observational data is based on so-called "lead centers." For 
_each type of observation, a lead center will be nominated which a view to taking a leading 
role in the coordination between participating centers of all monitoring aspects, including 
common methods and criteria to be used for compiling statistics. Such centers continuously 
carry out the monitoring activities and compile and distribute reports every six months. For 
monitoring on global level, the following centers act as lead centers: 

1. Upper-air observations-ECMWF Reading; 

2. Marine weather observations-RSMC Bracknell; 

3. Satellite and aircraft observations-WMC Washington. 

The plan for the monitoring the quality of surface observations is to seek lead centers on 
regional level for carrying out this task. Presently, RSMC Tokyo for Region II and WMC 
Melbourne for Region V have begun to monitor on regionallevet Coordination to find other 
lead centers is ongoing in the remaining regions. 

Coordination of Exchange of Software 

- -

Technical and procedural innovations have forced many Member countries, and in particular 
the developing ones among them, to look for computer support for handling improving their 
operations. Although, the computer industry offers higher hardware performance at lower 
cost, the actual benefit expected from the use of computers can only be attained through 
complex computer programs which are difficult to obtain, especially in developing countries. 
Meanwhile, progressing standardization made many basic meteorological functions that need 
to be performed at the various centers, similar or almost identical and programs for these 
functions are available in many centers. A free exchange will help others in obtaining 
software modules, design ideas, or development methodologies without "re-inventing the 
wheel" many times over and without big financial investment. In view of this-, WMO has 
started to collect information on meteorological applications software which is offered and/or 
requested by Member countries for exchange, and published a catalogue on such data in 
early 1991. The main objectives of this activity are to: 

1. Encourage and support the free exchange of application software among the 
WMO Members; 

2. Provide an overview of applications software offered and requested by WMO 
Membe~ · 

34 



0 

0 

Promotion of Suitable Standards 

It is the view of CBS that the entire sector of software development and maintenance, 
including efforts to prot software between various hardware platforms could become much 

·' · more cost-efficient if appropriate standards would be consequently applied. Although, CBS 
has not . yet published firm recommendations it encouraged WMO Members to follow 
guidelines, such as: 

1. The general use of UNIX; 

2. The use of GKS in graphical applications; 

3. The modular architecture of meteorological computer system with well-defined 
interfaces; 

4. The separation of the telecommunications component from the applications 
component; 

S. The preference of WMO binary formats, wherever this is possible. 

Work is underway to look at graphical interfaces best suitable for a meteorological 
operational environment. 

Data and Product Representation 

Binary Formatting Systems 

The use of bit-oriented formatting systems FM 92 GRIB and FM 94 BUFR is rapidly 
progressing in the meteorological community and their range of data representation is steadily 
expanding. Ten centers are presently capable of exchanging binary data, and this number will 
double in the near future. 

It is the policy of CBS to further develop and promote the binary formats and, at the same 
time, maintain and improve the WMO character-oriented codes where this is necessary. 

For instance, recent improvements of GRIB included: 

1. Identification of high precision and mixed precision pressure and sigma layers; 
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2. Accommodation of vertical coordinate parameters and quasi-regular grids; 

3. Revision of the definition of the Mercator grid revised to allow for more 
precision in the grid length specification; 

4. ·Definition of a space view or "perspective" map projection, with satellite needs 
in mind; 

5. Representation of a matrix of values at each grid point with the freedom to 
specify the coordinates of the matrix; second order packing can now be done 
either on a row-by-row basis or by selecting various points in the data to start, 
or restart, the second order packing. The latter is a variant of "run-length 
encoding." 

BUFR was recently expanded to include: 

1. Many new descriptors for aviation, radar, surface observations, radiation, 
satellites, ship reports, wind profilers, etc. 

2 A set of new descriptors to describe information about quality control, replaced 
values, retained values, the original values, statistics of the measurements, etc; 
it will now become possible to handle quality control information in BUFR. 

3. A feature which allows splitting of large binary data entities into smaller ones, 
thus facilitating more convenient handling of such data sets at GDPS centers 
and also allowing transmission of binary data sets that would otherwise exceed 
the maximum size of a message on the GTS. 

WMO Character Codes 

WMO maintains a spectrum of 45 character codes which are needed to represent 
observational data and products stemming from meteorological, climatological, aeronautical, 
and oceanographic sources. These codes are published in the WMO Manual on Codes Vol I 
and Vol II (WMO-No. 306) and kept up-to-date by the Sub-group on Codes. 

Given the co-existence of both data representation standards and the adherence to the 
principle that one and the same should not be exchanged on a given link on the GTS in both 
formats, it is obvious that some kink of interface is needed between both representation 
forms. Standardized techniques are being sought for the transformation between bit-oriented 
and character-oriented formate, e.g., to: 

36 

C) 



0 

0 

1. Facilitate the human legibility (visualization) of binary coded data; 

2. Allow for exchange on those parts of the GTS where centers are not automated or 
where telecommunication capabilities are insufficient; 

· 3. Overcome the inflexibility inherent to character codes. 

At present, two proposals are being discussed, namely the IGOSS Flexible Code (IFC) and 
the BUFR Tabular Form (BTAB). This is done with a view towards developing a flexible 
character code which are best described as character codes analog to BUFR in that they share 
many of the advantages of BUFR, but can be transmitted on low-speed communication lines. 

Extension of DM Principles to Other WMO Programs 

Other WMO programs (e.g., World Climate Program, and in particular the Global Climate 
Observing System (GCOS), the Global Atmospheric Water, Hydrology and Water Resources 
Program, the Environmental Program, etc.) will progressively take advantage of the basic 
services of the WWW systems in order to establish efficient and consistent data handling 
procedures across the programs. There are, for instance, growing requirements for the use 
of climatological data in near real time. Such requirements lead to requests from other WMO 
programs for a timelier, more reliable exchange of growing data volumes. There is a need 
to include oceanographic data, radioactive radiation data, volcanic activity data, satellite data 
archives, etc., in the WWW data handling. In this respect, consultations and cooperation are 
being sought with the relevant WMO technical commissions with other intergovernmental and 
international org;mizations. 

Summary 

The integration of the core elements of the WWW system is seen as an essential prerequisite 
for an efficient operation and should enable the WWW system to cope with the rapid 
evolution of meteorological requirements and techniques and should ensure that proper WWW 
data and products subsets are available to Members in a timely and convenient fashion;. k The 
WWW Data Management concept is expected to bring about this important level of 
integration. The various data-management functions will be introduced progressively over 
a period of years and all aspects and experiences gained will be closely monitored. 
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N = National Domain: Includes all national data and the subsets received from other 

national, regional, and global data centers 

R =Regional Domain: 

G = Global Domain: 

Includes data collected from national domains and required sets 
or subsets from other regional centers and from global centers 

Includes all required data from global and regional exchange 

Note: Required data are those data needed by centers routinely served plus data 
needed to provide alternate (backup) service in emergency. 
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Structure of GTS 
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0 Status of Kuwait Data Archive Project 

One month after the official approval of the archive project, the status is as follows: 

Equipment 

• The workstation and software for processing and archiving AVHRR, METEOSAT, 
and DMSP images has been ordered and is expected to arrive within two weeks. 

• The workstation for the catalog database has been installed into the network and is 
now accessible by outside users with network connections. 

Personnel 

• We have closed the advertising for the Associate scientist, programmer, and 
applications programmer. Interviewing of potential candidates is underway and 
offers are expected to be made within two weeks. 

Data Catalog 

• We have decided to implement the EMPRESS software package as the database for 
meta-data describing the data sets available in the archive. This software was 
selected since it is presently being used at NCAR to archive other massive data sets 
and because of its extreme flexibility. With this software we are offering.the · 
following services to users of Gulf region data: 

• 

• 

• 

Perusal of all available information on data sets including searches by 
geographical location, time period, type of measurement, type of 
measurement platform, type of sensor, etc. 

Selection of archived data filtered by any of the above combination of 
parameters; e.g. the user could request all S02 measurements for the time 
period May 1-15, in the area bounded from 25°-26° latitude, 48°-49° 
longitude. Depending upon quantity, the data will be sent to the user on a 
medium of his choice, i.e. electronic mail, ~ tape, etc. 

The data will be sent to the user in an easily read format and every data 
point will have associated with it a time and geographical location. 



Data Archive 

• 

• 

• 

• 

• 

• 

The NCAR aircraft data is presently being reviewed for quality control and final 
trend removal is being implemented. These data should start being ready for public 
use by November 1. 

Udar processing algorithms are presently being. written and the first data sets 
should be ready by mid-November. 

The Dropsonde data is in final processing stage and will be in the central archive 
by November 1. 

Satellite data processing will begin once the equipment and software arrives and 
processed images will start becoming available approximately a month following. 

A catalog of all images available from LandSat has been obtained and will soon be 
on the data cataloging .system. 

A letter requesting data will be sent this week to all organizations who are 
presently known to have participated in measurement programs in the Gulf. 
Hopefully there will be a positive response. The known sources of data at this 
point are: 

Ground-Based Measurements 

• 
• 
• 
• 
• .. 

Meteorological and Environmental Protection Agency (Saudi Arabia) 
Environmental Protection Agency (Bahrain) 
Environmental Protel:tion Agency (United States) 
National Oceanic and Atmospheric Administration (United States) 
National InstitUte for Standards and Technology (United States) 
German Ministry for Environment 

Airborne Measurements 

• 
• 
• 
• 
• 
• 

United Kingdom Meteorological Office 
National Center for Atmospheric Research (United States) 
University of Washington (United States) 
German Ministry for Environment 
National Aeronautics and Space Administration (United States) 
Department of Energy (United States) 
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0 Satellite Measurements 

• Meteosat 4 and 5 (Europe) 
• NOAA 10 and 11 (United States) 
• DMSP 
• LANDSAT (United States) 
• SPOT 

Surface and Upper Air Stations 

• The WMO World Weather Watch has 180 surface observing stations and 
about 40 upper air stations in the countries concerned. 



October 14, 1991 

NATIONAL CENTER FOR A Th!OSPHERIC RESEARCH 
P.O. Box 3000 • Boulder. Colorado 80307-3000 

Te/epho!U!: 1303) 497-1000 • Telex: 989764 

In the aftermath of the Gulf War and the burning of the Kuwait Oil Wells there was a 
large scale, international effort to assess the impact on human health, ecology and local 
and global climate. The World Meteorological Organization convened an emergency 
response meeting of experts in April of this year to discuss how. best to respond to this 
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disaster and to muster the cooperation of all participating agencies in an organized 1 
measurement program that would cover as many aspects of the problem as possible. The --~ 
participants agreed that there would need to be a method by which all the data sets could 
be arc;hived in a centralized location for easy access and distribution. 

The National Center for Atmospheric Research has taken on the task of creating an 
archive of all atmosphere related data sets at the request of the WMO and with the 
support of the National Oceanic and Atmospheric Administration, the Environmental 
Protection Agency, the National Science Foundation, the Defense Nuclear Agency, and the 
Department of Energy. We are in the early stages of developing this system but have in 
place enough of the structure that we are now ready to begin cataloguing and archiving 
those data sets that are complete and ready to be placed in the archive. 

Access to the data will be through a commercial database that can be accessed either via 
the electronic network or over a telephone modem. This database will contain enough 
information about each of the data sets to allow the user to determine if the measurements 
in the archive would be of interest to his or her studies. Once a particular set of time 
periods, geographical locations, and parameters are selected, the data can be received on 
magnetic tape or compact disk or over the electronic network. 

TM Na1iotwl CDUu frw A.tmtnplwric RuurcJt iz opcNtcG by tlw Uldvct'sityCorporaJio,. 
for AlnttMplluic Ru~arclt WltMr SptNUOniUp oftlw NGtiotttll St:illltCc Fowtdtlliotl. 

"" Eqwd OpponwtOy/AffvmtUiH Act ... ~ 
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CJ The purpose of this letter is to solicit information about the measurements that you or 
your organization were involved in making in the Gulf Region. We have attached a 
questionnaire to be completed that will be used to document these data in the centralized 
database. This is also the first step in helping us to obtain your data and to write the 
appropriate software that will allow user access to all the data. The scope of the archive 
is being limited to digitally formatted data on magnetic media. However, information 
about the availability of other data sources can be entered into the database catalogue. 

We are also ready to begin receiving the actual data in the final archivable format. If the 
data processing has not been completed at this time and the data are not available a small 
sample data subset would be helpful as long as it is in the final format. When you are 
able to send data to be put in the archive please make sure that you have retained the 
original or a verified copy at your organization and notify the Kuwait Data Archive 
(KuDA) office by electronic mail, telephone, or FAX that the data have been sent. You 
will also need to include specific information on the structure and format (i.e. 
informational header, word size, record size, etc.) to assist us in writing the access 
software for reading the data from the media. 

We realize the level of effort that this request will require from you and your colleagues 
and appreciate your cooperation. Please contact us if you have any questions about the 
questionnaire or any other aspect of our request. 

::J We may be conta~ at: 

KuDA Archive Office (303) 497-1029 
(303) 497-1092 (faX) 

Electronic Mail (Internet) 
(OMNET) 

Send data to Kuwait Data Archive 

kuda@spock.atd.ucar.edu 
NCAR. RAP 

c/o Research Aviation Facility 
10800 West 120 
Broomfield, Co 80021 

Sincerely, 

\ --.. 
\\ ·, '\ . 
\\. \ \ . ,,. . 

. . I .. " . ~ .-.. ,\ .··\ 
\1·•· -.\1,·.• .. ··".\'"·1"-.~ \, 'I '4 \ ....... ,_..... 1 ~ \'\, \\ ' f ' 

Darrel Baumgardner 
Richard Friesen 
KuDA Project Managers 

DB/RF/bak 

Enclosure 



Kuwait Data Archive (KuDA) Questionnaire 

Agency -----------------------------
Research Platform(s) 
Data Format (e.g. ASCII) 
Data Structure on Media 
Media Type (e.g ~ Magnetic tape) 

Anticipated Date of Availability of Data -------------
Measurement Periods and Locations 

(Please use additional pages as needed) 
Date Time Period Boundaries (N,S Lat.;E,W Long.; Altitude) 

Sensor Description 
(Please use additional pages as needed) 

Parameter 
Measured 

Sensor 
Type 

Manufacturer Technique Range Accuracy 
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Kuwait Data Archive (KuDA)Questionnaire 

(Continued) 

Ancillary or related data 

Summary of data quality and any significant problems encountered. 

(~ Primary Contact Person for Further Information ----------------
Address, telephone #, Fax #, E-mail, Etc. 
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Kuwait Data Archive (KuDA)Questionnaire 
SAMPLE 

Agency National Center for Atmospheric Research · 

Research Platform(s) ~Ai~·=r~c~r~a=f~t~-----------------------
Data Format (e.g. ASCII) Scaled Integer 
Data Structure on Media 1 second blocks of 60 parameters 

Media Type (e.g ~ Magnetic tape) ~E~x~a~b~yt~e~----------
Anticipated Date of Availability of Data November 1, 1991 
Measurement Periods and Locations 

(Please use additional.pages as needed) 
Date 
6/19/91 
6/21/91 

Time Period Boundaries (N,S Lat.~E,W Long.~ Altitude) 
0635 - 1132UCT 25.2"-29 .• 5° i 48.0° - 50.4" i 1000-5500 m 

0852 - 1347UCT 25.1"-28.1" : 48.8" - 53.0° 1 900 -3650 m 

Sensor Description 
(Please use additional pages as needed) 

Parameter Sensor Description 
Type (Mfg., technique) 

Temperature RosAmount, Platinum Wire 
Pressure Rostmgunt, Diaphram 
Dew Point EG&G, Chilled Mirror 

Measurement Range 
and Estimated Accuracy 
-6o•c to +4o•c, ±0.5 
0 to 1000 mb, ±.3 mb 
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CJ Kuwait Data Archive (KuDA)Questionnaire 

(Continued) 

Ancillary or related data 
Lidar, 0.5, 1.06, 10.6 wn wavelength 
Filter Samples 
Dropsondes 

Summary of·data quality and any significant problems encountered. 
Generally of very high quality. Any data quality problems are 
included with documentation. Time periods where instrumenation 
was inoperable or measurements may be questionable are signified 
with the value -9999 in the data. 

CJ Primary Contact Person for Further Information Darrel Baumgardner 

0 

Address, telephone #, Fax #, E-mail, Etc. 

N~/RAF 
Box 3000 . 
Boulder, Colorado 80307 

Tel# (303) 497-1054 
1092 (fax) 

E-mail (Internet) darrel@spock.atd.ucar.edu 



•. :] 
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Status of Kuwait Data Archive Project 

One month after the official approval of the archive project, the status is as follows: 

Equipment 

• The workstation and software for processing and archiving A VHRR, METEOSAT, 
and DMSP images has been ordered and is expected to arrive within two weeks. 

• The workstation for the catalog database has been installed into the network and is 
now accessible by outside users with network connections. 

Personnel 

• We have closed the advertising for the Associate scientist, programmer, and 
applications programmer. Interviewing of potential candidates is underway and 
offers are expected to be made within two weeks. 

Data Catalog 

• We have decided to implement the EMPRESS software package as the database for 
meta-data describing the data sets available. in the archive. This software was 
selected since it is presently being used at NCAR to archive other massive data sets 
and because of its extreme flexibility. With this software we are offering.the · 
following services to users of Gulf region data: 

• 

• 

• 

Perusal of all available information on data sets including searches by 
geographical location, time period, type of measurement, type of 
measurement platform, type of sensor, etc. 

Selection of archived data filtered by any of the above combination of 
parameters; e.g. the user could request all 502 measurements for the time 
period May 1-15, in the area bounded from 25°-26° latitude, 48°-49° 
longitude. Depending upon quantity, the data will be sent to the user on a 
medium of his choice, i.e. electronic mail, ~ tape, etc. 

The data will be sent to the user in an easily read format and every data 
point will have associated with it a time and geographical location. 



Data Archive 

• 

• 

• 

• 

• 

• 

The NCAR aircraft data is presently being reviewed for quality control and final 
trend removal is being impiemented. These data should start being ready for public 
use by November 1. 

Lidar processing algorithms are presently being written and the first data sets 
should be ready by mid-November. 

The Dropsonde data is in final processing stage and will be in the central archive 
by November 1. 

Satellite data processing will begin once the equipment and software arrives and 
processed images will start becoming available approximately a month following. 

A catalog of all images available from LandSat has been obtained and will soon be 
on the data cataloging system. 

A letter requesting data will be sent this week to all organizations who are 
presently known to have participated in measurement programs in the Gulf. 
Hopefully there will be a positive response. The known sources of data at this 
point are: 

Grourui-Based Measurements 

• 
• 
• 
• 
• 
• 

Meteorological and Environmental Protection Agency (Saudi Arabia) 
Environmental Protection Agency (Bahrain) 
Environmental Protection Agency (United States) 
National Oceanic and Atmospheric Administration (United States) 
National InstitUte for Standards and Technology (United States) 
German Ministry for Environment 

Airborne Measurements 

• 
• 
• 
• 
• 
• 

United Kingdom Meteorological Office 
National Center for Atmospheric Research (United States) 
University of Washington (United States) 
German Ministry for Environment 
National Aeronautics and Space Administration (United States) 
Department of Energy (United States) 

··:_) 



C) 

Satellite Measurements 

• Meteosat 4 and 5 (Europe) 
• NOAA 10 and 11 (United States) 
• DMSP 
• LANDSAT (United States) 
• SPOT 

Surface and Uoper Air Stations 

• The WMO World Weather Watch has 180 surface observing stations and 
about 40 upper air stations in the countries concerned. 



October 14, 1991 

NATIONAL CENTER FOR ATiviOSPHERIC RESEARCH 
P.O. Box 3000 • Boulder. Colorado 80307-3000 

Te/ephofll!: (303)497-1000 • Telex: 989764 

In the aftermath of the Gulf War and the burning of the Kuwait Oil Wells there was a 
large scale, international effort to assess the impact on human health, ecology and local 
and global climate. The World Meteorological Organization convened an emergency 
response meeting of experts in April of this year to discuss how. best to respond to this 
disaster and to muster the cooperation of all participating agencies in an organized .. 1 . 
measurement program that would cover as many aspects of the problem as possible. The J 
participants agreed that there would need to be a method by which all the data sets could 
be archived in a centralized location for easy access and distribution. 

The National Center for Atmospheric Research has taken on the task of creating an 
archive of all atmosphere related data sets at the request of the WMO and with the 
support of the National Oceanic and Atmospheric Administration, the Environmental 
Protection Agency, the National Science Foundation, the Defense Nuclear Agency, and the 
Department of Energy. We are in the early stages of developing this system but have in 
place enough of the structure that we are now ready to begin cataloguing and archiving 
those data sets that are complete and ready to be placed in the archive. 

Access to the data will be through a commercial database that can be accessed either via 
the electronic network or over a telephone modem. This database will contain enough 
information about each of the data sets to allow the user to determine if the measurements 
in the archive would be of interest to his or her studies. Once a particular set of time 
periods, geographical locations, and parameters are selected, the data can be received on 
magnetic tape or compact disk or over the electronic network. 

Tire NaliDMI Cel'llu for A.lmtnpltilric R&aiii'Cie i.J OJJCr4Ud lrj tlw UN.vu3iry Corpcmuio11 
for AllrtMplurie RucGI'clr. lllld.r 3potUOI'3/Jip of tile NIZliDMI Sci4ttt:c FotlltdiJlicllt. 

A11 E~ Opportllllily/lt/f~m~~~ti'H A.ctioll Employer 
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The purpose of this letter is to solicit information about the measurements that you or 
your organization were involved in making in the Gulf Region. We have attached a 
questionnaire to be completed that will be used to document these data in the centralized 
database. This is also the first step in helping us to obtain your data and to write the 
appropriate software that will allow user acc;ess to all the data. The scope of the archive 
is being limited to digitally formatted data on magnetic media. However, information 
about the availability of other data sources can be entered into the database catalogue. 

We are also ready to begin receiving the actual data in the final archivable format. If the 
data processing has not been completed at this time and the data are not available a small 
sample data subset would be helpful as long as it is in the final format. When you are 
able to send data to be put in the archive please make sure that you have retained the 
original or a verified copy at your organization and notify the Kuwait Data Archive 
(KuDA) office by electronic mail, telephone, or FAX that the data have been sent. You 
will also need to include specific information on the structure and format (i.e. 
informational header, word size, record size, etc.) to assist us in writing the access 
software for reading the data from the media. 

We realize the level of effort that this request will require from you and your colleagues 
and appreciate your cooperation. Please contact us if you have any questions about the 
questionnaire or any other aspect of our request. 

0 We may be conta~ at: 

KuDA Archive Office (303) 497-1029 
(303) 497-1092 (taX) 

Electronic Mail (Internet) 
(OMNEI') 

Send data to Kuwait Data Archive 

kuda@spock.atd.ucar.edu 
NCAR.RAF 

c/o Research Aviation Facility 
10800 West 120 
Broomfield, Co 80021 

Sincerely, 

\, ···"· . \... \-. • ,fl- . 
' ' \ '. ' ' ' ~ .-, . ;\ . '\ 

\I" ' •. \ J ..• • .. •,".\'"•\ h. -~" •tV\"" """'!-' 1 'I\\,.'" f \ 

Darrel Baumgardner , 
Richard Friesen 
KuDA Project Managers 

DBIRF/bak 

Enclosure 



Kuwait Data Archive (KuDA) Questionnaire 

Agency 
Research Platform(s) 
Data Format (e.g. ASCIIJ 
Data Structure on Media 

.... Media Type (e.g los Magnetic tape) 

Anticipated Date of Availability of Data --------------
Measurement Periods and Locations 

(Please use additional pages as needed) 
..... Date Time Period Boundaries ( N, S Lat. ; E, W Long. ; Altitude) 

Sensor Descr~ption 
(Please use additional pages as needed) 

Parameter 
Measured 

Sensor 
Type 

Manufacturer Technique Range Accuracy 



Kuwait Data Archive (KuDA)Questionnaire 

(Continued) 

Ancillary or related data 

Summary of data quality and any significant problems encountered. 

c=J Primary Contact Person for Further Information .. ________________ _ 

Address, telephone #, FaX #, E-mail, Etc. 

0 
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CJ INFORMATION SOURCES 

INTERNATIONAL COOPERATION 

1. "Report of the WMO Meetings of Experts on the Atmospheric Part of 
the Joint UN Response to the Kuwait Oilfield Fires." Contact: Danny 
Foster, World Meteorological Organization, 41 Avenue Giuseppe 
Motta, P.O. Box 2300, 1211 Geneva 2, Switzerland. Phone: 41 222 730-
8259. 

2. Gulf Regional Air Monitoring Plan (GRAMP)." Contact: Andrew E. 
Bond, Atmospheric Research and Exposure Assessment Laboratory, 
Office of Research and Development, U.S. Environmental Protection 
Agency, Research Triangle Park, North Carolina. Phone: 919 629-4329. 

3. Kuwait Oil Fires: Interagency Interim Report." Contact: Gulf Task 
Force, Environmental Protection Agency, 401 M Street, SW, 
Washington DC 20460. 

4. ''UN Interagency Action Plan on the Kuwait Oil Fires." Contact: Gulf 
Program Office, Office of the Chief Scientist, National Oceanic and 
Atmospheric Administration, Herbert C. Hoover Bldg, 14th and 
Constitution, N.W., Washington D.C., 20230. Phone: 202 377-5483, Fax: 
202 377-9714. 

5. "Statement by Miss Margaret J. Anstee, Director-General, United 
Nations Office at Vienna, and Personal Representative of the Secretary
General to Coordinate United Nations Efforts to Counter the Impact of 
the Burning Oil Wells and Other Environmental Consequences of the 
Gulf Conflict in Kuwait and in the Region." Contact: Gulf Program 
Office, Office of the Chief Scientist, National Oceanic and Atmospheric 
Administration, Herbert C. Hoover Bldg, 14th and Constitution, N.W., 
Washington D.C., 20230. Phone: 202 377-5483, Fax: 202 377-9714. 

OVERVIEWS, ASSESSMENTS 

6. "Preliminary Scientific Report - Kuwait Oil Fires,"[NCAR and 
University of Washington flight team debriefing in Bahrain]. Contact: 
Gulf Program Office, Office of the Chief Scientist, National Oceanic and 
Atmospheric Administration, Herbert C. Hoover Bldg, 14th and 
Constitution, N.W., Washington D.C., 20230. Phone: 202 377-5483, Fax: 
202 377-9714. 



7. "An Updated Briefing on. the Kuwaiti Oil Fire Smoke Experiment 
(KOFSE)." Contact: La·wrence F. Radke, NCAR Research Aviation 
Facility, Boulder, Colorado 80307-3000. Phone: 303 497-1030, Fax: 303 
497-1092 or contact: Peter V. Hobbs, Atmospheric Sciences Department, 
AK-40, University of Washington, Seattle, Washington, 98195. Phone: 
206 543-6027, Fax: 206 543-0308, Omnet: P. Hobbs. 

8. "Statement by Dr. Abdulrahman A. AI A wadi, Chairman of Emergency 
Committee, Environment Protection Council (EPC), of Kuwait, to the 
Second Committee, United Nations General Assembly, 20 November 
1991." Contact: Gulf Program Office, Office of the Chief Scientist, 
National Oceanic and Atmospheric Administration, Herbert C. Hoover 
Bldg, 14th and Constitution, N.W., Washington D.C., 20230. Phone: 
202 377-5483, Fax: 202 377-9714. 

KUWAIT OIL FIRE STA TOS 

9. "Kuwait Oil Well Fires Updated." Contact: Joseph R Riva. Jr., 
Congressional Research Service, Science Policy Research Division, The 
Library of Congress, Washington DC 20540. Phone: 202 707 7040. 

2 

10; "Kuwait Oil Fire Extinguishing Chronology." Contact: Gulf Program :J 
Office, Office of the Chief Scientist, National Oceanic and Atmospheric 
Administration, Herbert C. Hoover Bldg, 14th and Constitution, N.W., 
Washington D.C., 20230. Phone: 202 377-5483, Fax: 202 377-9714. 

AIRCRAFT MONITORING DATA AND INFORMATION 

Meteorological Office Mission 

11. "Summary of the GULFEX Flights, 23rd- 31st March 1991." Contact: 
M.A. Gibbs, Meteorological Research Flight, Royal Aerospace 
Establishment, Farnborough, Hants GU14 6TD, United Kingdom, May 
1991. 

· 12. "Observations in March 1991 of the Oil Smoke Plume from Kuwait by 
the UK Meteorological Office C-130 Aircraft: Preliminary Report." 
Contact: G.J. Jenkins, Head, Meteorological Research Flight, Royal 
Aerospace Establishment, Meteorological Office, Farnborough, GU14 
6TD, United Kingdon'!, June 1991. 

13. "Airborne Observations of the Physical and Chemical Characteristics of 
the Kuwait Oil Smoke Plume," Contact: D.W. Johnson, Meteorological 



Research Flight, Royal Aerospace Establisrunent,_;tvreteorological Office, 
Farnborough, GU14 6TD, United. ~ngdom. : · 

'·. · .. 

' 
National Center for Atmospheric Rese~rch (NC,AR) Mission 

14. "Aircraft Research Instrumentation, Electra N308D," [also includes raw 
data from flight legs]. Contact: Lawrence F. Radke, NCAR Research 
Aviation Facility, Boulder, Colqrado 80307-3000. Phone: 303 497-1030, 
Fax: 303 497-1092. . 

15. "NCAR Scientists Rel!!ase Preliminary Results from Kuwait Oil Fires 
Study." Contact: Joan Vandiver Frisch, NCAR, P.O. Box 300, Boulder, 
Colorado 80307-3000. 

16. Abstracts of papers submitted to the American Geophysical Union for 
presentation at the December 1991 meeting in .San Francisco,:Cll!ifornia 
and at the January 1992 Ocean Sciences meeting in New Orleans, 
Louisiana. Contact authors .at addrfi!sses listed in _abstracts. 

·.; .... 
University of Washington Mis~ion 

17. "Carbon Budget Data," Co:nta_ct: ·peter V. Hobbs, Atmospheric Sqences 
Department, AK-40, University -of Washington, Seattle, Washington, 
98195. Phone: 206543~6027, Fax: 206543-Q308,0mnet:.P.Hobbs. 

18. 

19. 

20. 

21. 

·'· • I. 
·-.... ·.·_. 

"Canister Samples (Partial Results)." Contact: Peter V. Hobbs, 
Atmospheric Sciences Department, AK-40, University of Washington, 
Seattle, Washington, 98195. Phone: 206 543-6027, Fax: 206 54_3·0308, 
Omnet: P.Hobbs. 

"Summary of 'Grab Bag' Chemical Samples Obtained by University of 
Washington in the Kuwait Oil Fire Study (16May- 12 June 1991)," 
Contact: Peter V. Hobbs, Atmospheric Sciences Department, AK-40, 
University-of Washi_ngton;-:SE!attle, Washington, 98195. Phone: 206 
543-6027, Fax: 206 543-0308, Omnet: P.Hobbs. 

"Kuwait Filter Data," Cqntact: Feter- V. Hobbs,, Atmospheric Sciences 
Department; AKc4p,, University. of Was¥11gton,. Seattle, Washington, 
98195. Phone:. 206 543-6027, Fax: -296 p-43:{)~08, Omn~t: P.l't;obbs. 

·· .. :· ~· ...... ~:· ... ,,,'':~,-~.· 

Abstracts of papers submitted, by mew.b,ers of:the.University of 
Washington team to the American Geophysical Union for its 
December 1991. Contact authq~s at addresses listed in abstracts._,:, 
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Department of Energy Mission 

22. "Bahrain Debriefing of DOE Monitoring Team, August 20, 1991." 
Contact: Gulf Program Office, Office of the Chief Scientist, National 
Oceanic and Atmospheric Administration, Herbert C. Hoover Bldg, 
14th and Constitution, N.W., Washington D.C., 20230. Phone: 202 377-
5483, Fax: 202 377-9714. 

NASA/EPA Helicopter Mission 

23: "Overview of the EPA/NASA L'"l Plume and Ground Level 
. Measurements Made in Kuwait july 28 to August 8, 1991." Contact: 
Robert K. Stevens and Joseph P. Pinto, Atmospheric Research and 
Exposure Assessment Laboratory, Environmental Protection Agency, 
Research Triangle Park; North Carolina, 27711. Phone: 919 541-3155, 
Fax: 919 541-6690. 

24. "Kuwait Oil Fires: Helicopter Operations." Wesley R. Cofer lli, NASA
Langley Research Center, Hampton, Virginia. 

25. Kuwait Oil Fires: NASA/EPA Near-Field Helicopter Source 
Characterizations.". Wesley R. Cofer ill, NASA-Langley Research 
Center, Atmospheric Studies Branch/ ASD, Hampton, Virginia 23665-
5225. 

26. Kuwait Helicopter Operations: Xuwait Oil Fires." Wesley R. Cofer ill, 
NASA-Langley Research Center, Atmospheric Studies Branch/ ASD, 
Hampton, Virginia 23665-5225. •••Date? 

SURFACE MONITORING DATA AND INFORMATION 

A. Measurement Campaign of the Regional Mobile Laboratory for 
Measurement of Air Ouality in Kuwait. 27 March to 4 April 1991. Final 
Report: Contact: Philippe Larn•::loise; Director, AIRPARIF, 10, rue 
Crillon, 75004 Paris, France .. Phone: 44 59 47 64, Fax: 44 59 47 00. 

B.. "Analysis of Smoke Samples.From OH Well Fires in Kuwait." Contact: 
George W. Mulholland, National Institute of Standards and Testing 
[NIST], Gaithersburg, Maryland 20899. Phone: 301 975-6897, Fax 301 
975-4052. 

C. "Air Quality Monitoring in Kuwait: First NII.U Mission, 5-12 June 
1991." Contact: B. Sivertsen, Norsk Institut for Luftforskning, Postboks 

"· 64, N-2001 Lillestrom, Norway,. 
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() D. "Air Quality Measurements at Nordmeduni~, Um:m ·Qasr, Iraq." 
Contact: B. Sivertsen, Norsk Institut for Luftforskning, Postboks 64, N-
2001 Lillestrom,·No_rway .. :. ~-~ '" : 1· 

.. .,._ 

E. "Ambient Air Monitoring Data:· Dammam, Saudi Arabia;"· (Draft). 
[Data for April, May 199l].c. Contact: David Olsen, Meteorology and 
Environmental Protection Administration [MEP A],. Jeddah, Saudi 
Arabia. Phone: 966 2 651-2312. 

F. "Khafji," addendum to "Ambient Air Monitoring Data: Dammam," 
(Draft). [Data for 07 to 11 September 1991].- Contact: David Olse_h, 
Meteorology and Environmental Protection Administration [MEP A], 
Jeddah, Saudi ruabia. ,Phone: .9,66 2 651"2312. 

·: -_ ,; ... 

G. "Ambient Air Monitoring Data'::·Kuwait," (Draft): .[Data-for April, May 
1991]. Contact: David Olsen, Meteorology and Environmental 
Protection Administration, Jeddah, Saudi Arabia. Phone: 966 2 651-
2312. ' _;• ·'•' ,' .. '·.·. 

H. "Draft Report on Kuwait PAH Analysis." Contact: Charles B. Hemy, 
Jr., Institute for Environmental Studies, Louisiana State University, 
Baton Rouge, Louisiana 70803; Phone:1 504 388-8521, Fax: 504 388-4286. 

I. 
-.. ·:.:· _; 

"Rainfall Samples- Hydrocarbon Analyses: AnalyticalDa.ta Reporting 
Forms," Wayne C. Curry, Surface Water Department, Ministry of 
Water Resources; Sultanate of-Dman; Ruwi; .Oman,_,9 Navemb~r 1991 . 

. •" . 
.. _-. 

HEALTH ASSESSMENTS 

J. "Assessment of Effects on Humari Health from Kuwaiti Qill'ield 
Fires." Contact: Dennis Engi, Sandia National Laboratories, 
Albuquerque, New Mexico. 

K. "Status Report of Public :Health in Kuwait as of March.21;;1991." 
Contact: JohnS. Andrews, .. Jr., M.D.,:Associate·Administrator for 
Science, Agency for Toxic Substances and Disease Registry, United 
States PublicBealth.'Service;;1600.Clifton Roa:d:N.E.,-Mailstop E213, 
Atlanta, Georgia,30333. · 

.. 

L. "Emergency Health Plan of Action, Kuwait," (Workh:!g':Document). 

M. 

Contact: Ministry of Public Health, PO Box 24395, Safat 13104, Kuwait. 
Phone: 965 245-6833; Fax:. 965-242-1991. . . .. '-' · 

_, ' ' ... 
"Plan of Action for Protecting Public Health." Contactj Frgilk E. Young, 
Deputy Assistant Secretary for Health/Science and Environment, 
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Department of Health and Human Services, Room 701H, Hubert H. 
Humphrey Building, 200 Independence Avenue S.W., Washington, 

·D.C. 20201. 'Phone: 202 245~6811; Fax:· 202245-7360. 
. ~ '• ' >' 

1·~·-: "Emergency ~com Surveillance-Kuwait City. " Contact: Gulf 
Program Office, Office of the Chief Scientist, National Oceanic and 
Atmospheric Administration, Herbert C. Hoover Bldg, 14th and 
Constitution, N.W., Washington D.C., :L0230. Phone: 202 377-5483, Fax: 

. 202 377~9714. 

0. "Harvard School of Public Health: Kuwait Air Sampling Survey, April 
24 to May 11, 1991," Contact: John Dr. Spengler, Department of 
Environmental Health, Harvard University School of Public Health, 
779 Huntington Ave, Boston, Massachusetts 02115. Phone: 617 432-
1720. 

P. "The Kuwait Oil Fires: Presentation Abstracts and Speaker 
Biographies," [Harvard Conference materials]. Contact: John Evans, 
Harvard University School of Public Health, 779 Huntington Ave., 
Boston, Massachusetts 02115. Phone: 617 432-1720, Fax: 617 432-1226. 

Q. "Air Pollution from the Kuwait Oil Fires: Report of the Official 
Mission on the Environmental and Health Effects of the Oil Fires." 
Contact: Hirotaka Tachikawa, Chief, Environment Quality Standards, 
Air Quality Bureau, Environment Agency, 1-2-2 Kasumigaseki, 
Chiyoda-Ku, Tokyo, 100 Japan. Phone: 81-3(3581)3351, Fax: 81-
3(3580)7173. 

R. "Impact of Oil Well Fires on Air Quality in the Urban Areas of Kuwait, 
Part I: Pollution by Particulates Less Than 10 Microns, and Part II: 
Pollution by Noxious Gases," Moustafa El Desouky and Mahmood Y. 
Abdulraheem, Environment Protection Department, Ministry of Public 
Health, PO Box 24395, Safat 13104, Kuwait. Phone: 965 245-6833, Fax: 
965-242-1991. August 1991. 

S. "Kuwait Oil Fires and International Environment Considerations," 
[Darwin Conference materials], Darwin Scientific Foundation, 
Washington, DC, September 1991. 

T. "Health Advisory for Kuwait and Saudi Arabia." Contact: Ruth Etzel, 
Centers for Disease Control, 1600 Clifton Road, N.E., Atlanta, Georgia 
30333. Phone: 404 488-4682, Fax 404 488-4900. 
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DATA MANAGEMENT .: .;-·-.t 

U. "Workshop RevieW:. Manag~~e~t.Qf Data Coll~ct~d· h:.GRAMP (Gulf 
Region Atmospheric Measurement Program)." Contact: Darrel 
Baumgardner, NCAR Research ,AviationrF?.ci#ty, Boul~er; Colol'ado 
80307-3000. Phone: 303_497c,l029; Fc<!X 303 497,1092. · •. 

. . - . . ·, l; .... 

V. "Status of Kuwait.Data ArcWv.e PrQject," ·Contact: , I;larrel: 
Baumgardner, NCAR Research Aviation Facility; Boulder; Colorado 
80307-3000. Phone: 303 497-1029, Fax 303 497-1092 . 
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